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40str~lo qwitty of lif. for tb. tbattmts Thee., t~~ tihae also 
deterred eooic growth and stability. The Seneal River losta's r~sourcps. 
to their preent stage of developent are only marginally able to support 
ba Tis~ deficiency has boon especially critical during reenthsic buas moods. 
portode of adverse weathert wbeu drouaght conditios have prevailed over an 
extended period of tie. 

To deal with the"e problaws the Orauiseation pour Is a o n Valour dua 
Vehsve Senegal (O.R.V.5.) ws creted 0n Iftrc* 119 1972 by its Nober States, 

tU Houritants.a nd eiesl. As on isitrgovrwtaut agency, Ithas the 
responsibility for the 4oceptulizationi. coordination amid, eecuation of 
pjoets to develop and use the resoures of thle Senegal River Baso wthin 
the boundaries of the three Mmbier States. Unider the theory of international 
low kmows as "qitable utiltat oe'adopted by thle thr'ee riperian states! 
the 09N.VoS. he..a degree of autosuny to react unilaterally to now Inorms­

toInternal reslutios adopted by the O6ft.V.P. ,1assol of 41alte~ro are 
smudig on the hmer Stataee. 

S Througb a concerted and Istegrsted action, the Maimber Steeo ot OJIY,5, 
Intend to upgrade tls quality of life for the populationis of thme River 3esi4. 
This B.al is to be achieved through the harmonios 66tcoordt ouf local,,4 
"stodel I maio and Internmational devlopment projects to mot the 
foloing objectIvesI 

4 '4 
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products of the River Basin to worldwide markets. The irrigated perimeter 

projects, iich ill h- adjacent to the River, will permit year-round farming 

of a total of 2 5 *1P) ht,'!ares of land that ii presently subjected to 

intermittent rlood .in;an! dr.)ught. It is hoped that the agricultural products 

to be obtained fr.a thest irrigated areas will contribute significantly toward 

eliminating the present cereal and livestock production deficits. 

Additinnally, the irrigated perime-ter. .i1 1 produwe raw materials needed in 

operatirtg such agrro-indtistries as sugar -sills and food processing plants,. 

Electric power generated hy water stored in the !tanantali reservoir and its 

subsequent distribution together with developcent of an effective year-round 

navigation svsten will enhance the technical and economic feasibility of 

mineral resources ,tevel)p-:ent in the upper basin. 

Impetus for the Environmental Assessment
 

In .July 197. at the prospective donors meeting held by O.H.V.S. in 

Nlouakchutt, Mauritania, the United States Agency for International Development 

(USAID) proposed that a detailed evaluation be undertaken to determine the 

potential effects tcf the integrated development plan on the environment of the 

River Basin and -it* population. 1'SAID felt that a balanced approach between 

the considerations of econotc develoFoent and the protection of the 

environment -ust hv co.-sidered by all potential donors to insure that maximum 

long range benefits would b derived fron the O..V.S. development program. 

The early identification of tdverse impacts would permit the application of 

corrective measures prior to the development of environmental damage. 

Likewise. avoidance of irreversible damage to national, htumn and ratural 

resources would be a prime objective. USAID noted that such a study would 

comply with Title 40 of the Rational Environmental Policy Act of 1969 of the 

United States, pernIitting U.S. go-;.rnent participation in the O..1.V.S. 

development program. This propos& was supported by other prospective donors, 

as well as O.!i.V.S., who were anxious to avoid problems that have arisen in 

similar water p'oc-e pr-.',,,s in tropical and sub-tropical areas of the 

world.
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A gravt agrernmnt for the propoo*4 esyromt4asesent was 6iPed 
between US5ID and O.V.VS* on ?ebniary 259 1976, The ibjoctivoo of the gtudy 

were: 

s -TO o __O- qnrendtfJ caused by­evaluate heuron. 

de*elogment in the SenegalU, Uiasin; 

*To optimise tho loojw-erm beneftts by Insuring that envresatol 
and social factrs hs(4 been Identified n4d Included in tb* coot­

benefit analysef of Individual projects; 

* To provide the O.H.V.S. riparian states vith a plan of action for 
Lomuulatin programs and projects that mitllate edverse environ­
mental effects and capitalist¢.n thOse dedLbeficial. 

The following chapters of this report have been developed io response to 

these objective's. 

iL~i- ' 
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A beaI1*_r.~ of reference for the onvrmmot.l aseesOt, as abo to 
• to. fwv" t*4 to on unerstan4og of the rewwadation 11en io 

the ftOA c <fOr Plan Action report.r4s of 

It s first ece.dr y to vtf the intercion of zpopoa.4O0oV*S4 
developmenat roa vth the hyrologtc syem &ad to dsCur which cow,­

ditions will chm n4 v*ich will rast mtbanged. These cheap*e to the 

syste conponnotu, aich aI*$ 

* Riper and got""t legime 
* Groundwste 

0 	 Atmospheric Can4IttonsY
 

S water auity
 

ate*on..beneficial or advrea vlowid in the coasixt of iertain other 

partera. 5 

Thu, 	 an*wrn~~aly1sis focuses on a secood sot ot components. 

* National and Regional 5caomic Ueifare 
* Social Wll-being 

* Envirormental Qwlity 

1he results of this anklysis are viewd In term.of beneficial or adverse 
impacts for which recaonndatilon leading to mitigation and enhancement are 

5' dewlo-7­
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TM~~~~ ~ie ~ seslytmi h O0,lnet n want Africa ,- flowing 

norh....... . .es fron the Gutmao toteAlni ,o:"s.d.ten ighland 

Ocon1 klmeer ouhof .St.U s, Thetena Rveryoban eal'l
 

;!i}'; important hydrologilc c:haracteristilcs ofLthe river systta rotated tIo 

drought conditions,and wateruse are.asollow.*, :.
 



• Average ainnual flowa ro'corded at Baalt vary fromt 270 to 1200 cubic
neters per second. Zxreme lows,,t fake1 vary from 10 cubic motors 

per second bet on Mlarch .and June to approximately, 4100 cubic mtors 

par seon dur i an averagie flood which normally occurs between 
September and Noveaber. 

0 7h~flodplin tIe headvatrof thia egbyaalgtRiver.nd 

'• 	 itver flows decroae downstream of Bakal!! duet vpoain
lorae and Infiltration of ater to the floodplRin, pLittle flownua* vrg lw eore tSkl vr rm20 o10 uenters the Senefal River In the Rver trlle tryelts regios. 

trf
 

http:River.nd


* 	 Wae level* within the Seaq",i Rivet as far wpstrm a the 
Podar-8900 area are controtted dvriwa tbro dry 8ea000 by tidal 

• OIeW K It to halov*4 that forty to fifty percent of 'the 

sedient load Is do' *4 on the flodplaia. 

. delyvarytog year to year hydrologic condittas liit the validity of 

ueeralied stateents about existing or future hydrologic coodtiio'tw"ithin
 

the "esIn.
 

Plrojected Modificatios 

Wben 	 the Dia ad KHanaalt dam are In operation, flows, flodpluai 

Inudation ad iter leels ill v y due to the natural hydrologic conditions 
already described sixt* and locations of future agricultural paristers; 

release schedule fran the an6ttli resr tir;and beckwnter from the ms . 

The Di. dam will block tidal flut . upstream of Iais and 
concurrently allow saw flood oters to. ho stored behind the dam during dry 
*sea". The freshwater stored behliuthe Di dam will be useful on a' , 

limited scale to provide re frequeoepharg Lae otherof 4e Guiers a4u 

Delta 4dpressioa imnato provide vter for Irrigation at agricultural 

portmenes In the Delta. 

ontrolled Muantal reservoir releases viii provide sufficient waterfor 
theirrigation of 255.000 hectares along the Senegal River; year-round 
nav.gation as far upstream as Keyesl H; recharge of Delta depressions; 

hydroelectric power generation; and other uses. Large floods will not he 
regulated because the Phuantalt reservoir will not provide sufficient $torase. 

ir.i /Cli ifCC C- C.f 	 i CCifl C~ 

CC L~T 	 ..... .... . .. .. .--	 ... 

tbrovpwt the WOO~ of the fooia* II i 	 t b 14 fsliJ~~ s4 1! i 

....
 



IWOWW*41tl018! er eodlaWt lterr 4tht m ofte rtltt 1%0 

k*ftmsr, p vii Iksif wt m a nd eheN sul G wieinsll fbeo 1ut 

11teolabt.4$ 94w toh and most h1oKIhbo at &**I and tes' eefurther 

"upstreamhterda a. farwi ng Omwifet o 'floods (b"eexposlutat. suae ! .11m".die gttsstur~ p ters 

*KWly and t1,r p140 eotons") mTim nodo! flooo,ti!tampaoo r 
v of e within As f 14 
the Ie.r p pectdatolW4floo!d rhb....)t W yIeU reoe usot frth llse 
will frthrro aein ryat t Tee 
Isevtalfoev4onro floods. 

o afetl educdpakutr e eltu oisdeuceirsominto Tyo 
doeter laeel fluctwti.n bohiud the Hanatalt dan will alter y 

toundata and asp... 230 square kiloeters, ot &W 

?be Haatalt dan and other proposod devetepent are not sxpo Z- to 
signtfteSh tly alter sedi nt trasport within the asts. Very little sedlast 

to transported by the B1f ag liver through the tkmataUl area. Flood flews to 
the Delta are expected to be flushed through the Kioo reservoir wIth little 
effect on sedimnt depostion Into the estuary. 

The proposed entry channel through the Longue do Barberte will result in 
eventual format ion of a lagoon south of the entry chammel from *~at to a the 
Senegal River, anud changes to sand d~oeition along the ocean beache* on~both 
PIdes of the cannel, 

Short term, adverse eaviroewsntal Impacts, such as Increased ercoon and 
transport of sedients will occur, du to the constnacto~n of the two domat 

the navigation channel and thmnustuary harbor-entry channel facilitiot. 

: ( . • .. . . ...
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The Sen"egal iver Is a principal nere. of recharge (or the three gajoir 
aqifers to the teiM osts, Tee. equtairs the senegalLreRiver Alltust 
the Onatitesa ?eMtueauOo the Xsostr~ahtti Sa.s Prveatly, wlls to te 
Basis ars shallow, maing mw of only the Somqrel Rivar Al~uvine and otbor 

to 10 motors 44eP ad are of ten bowndo&.. The Cuottostol,1i444 and 
Nestrihtion Unds are deeper fortinsn and can only be ospbottod with 

Wtti Condiios 

Most of the groundwater resources of the River Basin ore located to 
Seapega although the Continental Tetuad and Senegal, River Alluvium are 
shared by Mauritania and Senegal. 

*0 Recharge of the Seaegal River Allavie ts derived fromn the river 
channel, the inundated floodplain. and rainfall. It to a 
significant source of water for the Iinhabitants of the Va7 ly. Tkii 

i'i F- o.. 

exploitable resources are esttmatod at 50,000 to 100.000 !cubic 
maters of water per squre kilomtor of aquifer to the lUsin..+ .. 4+., 

* within the Basing the Continental Terotal aquifer to rechargd 
primarily by the/ ,i channel and other Inundated aeas to the 
downetrean reac.hes of the Basin* 7Me eplotable resources 
throughout this saad/sandstone aquifer are 400,000 to 900,000 cubic 
mtors of wnter per square kilometer of aquifer area. 

0 The major source;, of recbarge to the Maestrichtien aquifer In the 
Basin are the Senegal Rtiver channel and the Lee do Outer. area. 
R'ploitable resources of this sand/samdstons aquifer are 250,000 to 

500,000 cubic moters of wanter per square kilomter of aquifer 
areas 
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* intrusion of saline waters containing nutrients n te isle 

materials from the ocean eztend. ,s far upstaa as Podor du~ing the 

latter portions of miany dry seasons. lasting from February thiough 

aid-July. During the annual flood. these waters /<*. flushed from 

the Senegal River backinto the Atlantic Ocean"., 

: 	Dissolved oxygen concentrations are not presently affecte* y 

municipal and industrial discharges or other effects of humnl 

activities. 

* 

* 	 Nutrients? mninerals, and to a lesser extent, organic materials enter 

the Senegal River during the wet season, primarily from percolation 

through the soils In the Fouta Djallon MIountains of Guinea. In 

these mountains are located~the headwaters of the Btf tug, Bakoye and 

Faleme Rivers, tributaries of the Senegal River. Nutrients in the 

main river channel of the Senegal River are predoinantly in the 

dissolved state. Sediments are primarily inorganic, silty materials 

originating in the lower stretches of these rivers where erosion and 
+ .+ >+ + * ; <'.9.... " ... .. + ++ + • ; .7 

surface runoff predominate. After inuntu#!'-ion of the floodplains and 

when the main channel becomes ponded, these nutrients, along withA 

those nutrients of terrestrial origin bsecome tied-up in the 

particulate state In the form of platficon and higher aquatic plants.A 

With the receding flood waters and the da;oizcating condition of the 

dry season, the plants die and decay. In turn, these nutrients 

contribute to the growth of terrestrial vegetation and crops 

produced by traditional methods such as recession farming. With the 

coming of the next floods, the nutrient cycle begins anew. 

o~intn 	 ntelvrs rcs of leeveeeo Ahs o 

Projected Nodificatio&4 

The 	 Diana dam wills as, 2barrf/ber preventing dry season salinity 

Intrusion upriver from Dima and into eadjacent groundwater. Without 
constructing the Diana dam, rdunse eseasfrom the Ianantali reservoir 

would not prevent sUnity from Intruding upstream of the Diam area. 
er 9 



The D~im& Me and the'~roposed navigation channel through the Lague do 
Barbarte will increase dry season salinity leve s downstream of the dam. 

Release s of water froa the ?anantall reervotriduring small and averag*-sIze 

floods will not completely flush the saline waters from the area downstream of 

Diam&. 

Vith development of the Basin, there will be lrger amounts of human 

wastes from maicipal areas, increased agricultural drainage waters from 
ir~igated perimeters containing nutrients, fertilizers and oxygen demanding 

materials, and oil from ncreased navigational actt'vity discharged to the 

Senegal River. Thee couAd noticeably affect water quality during low-flow 

periods. Significant changes in dissolved oxygen, nutrient and organic 

concentrations, however, are not expected from these activities if minimum 

atteation is given to mitigation. 

The Manantali reservoir will stratify thermally each year between 

February and December., During stratification, deeper waters will experience 

oxygen depletions and, possibly, accumulation of hydrogen sulfide that is 

toxic to aquatic life. During the period of stratification, proposed releases 

of bottom waters from the Manantali reservoirwill result in reduced dissolved 

oxygen concentrations and the appearance of hydrogen sulfide in the Bafing 

River for a distance of at least seven kilomters downstreap of the anantali 

da7 Fish kills from hydrogen sulfide will be evident in this stretch of the 

river during stratification. Between December and January, waters in the 

reservoir will destratify, increasing oxygen concentrations throughout the 

water column and in turn reducing hydrogen sulfide levels. The initial 

release of hydrogen sulfide into the surface waters of the reservoir could 

result In a fish kill each year at the time of destratification. 

Changed flow conditions and increased human activities as the result of 

proposed developments will alter the delivery of nutrients and organic 

Smaterials to the River Valley. Htydrologic changes will increase dry season 

levels and reduce the transport of these materials during annual floods. 

Inputs frca the ocean will no longer be available upstream of the Disaa dam. 

~-21­
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AGRICULTURAL DEVEWPKHET
 

most of the population of the Seneal Rver Basin is currently ex~agd In 
- eubistance agriculture. Incomes are low and there are som food deficit-

The three O.H.V.S. ebrSae curre tly requdre la~ _tpqtLo 
foodstuffs. Ones ,'.rd,of the sross national product of the O.MV.. L ber 

States comes from agriculture, and three-quarters of the labor forces Ut4 these 
countries are employed in agriculture and related activities. 'Meurgent need 
to increase production was particularly evident during the disastrous 

1968-1973 drought. 

Imoroperly maintatnel irrigation canals clog )d 

with the semi-aquatic plant, Cyperus. 

Observations 

0 Host agricultural operations, from land preparation to harvesting, 

are performed manually. 

-22­



Variottons in raiofaU .34d unregulated rive flow limit 

agricultural yields. 

0 


r 'armers lack proper training In irrigation techniques and wter 

-
.--.- ftinIrrati-ytes-ar. 	 - afficiut-asW wtor-losses are 

* 	 Land parce-.s are not properly leveled. 

* 	 Maintenance of tbe eisting conveyance systems is not being 

performed regularly. 

* 	 The Irrigated perimeter developent tiosram is behind schedule. 

" 	 Overgrazing in the Basin, primarily by cattle, goats and sheep, has
 

been 	 a leading factor in hastening encroachment of desertification. 

* 	 The extension services are not adequate in size nor have the 

personnel received adequate trairi-6 for then to effectively train 

and direct the farmers. 

0 	 Certain livestock diseases, such as foot-and-muth disease, limit 

the potential export market.
 

Beneficial Impacta 

" Elimination of saltwater intrusion upstream of Dims dam site. 

e Storage of sufficient freshwster above Disa prior to .anantali 

contruction ill allow for initial expansion of a double-cropping 

irrigated agriculture system on a year-round besis. 

-23-,
 



Increased crop yields from properly managed 

irrigated perimeters. 

• Construction of flanantali dam viii provide for sufficient water to 

irrigate 255,000 hectares of irrigated perimeters, Including 28000 

hectares of forage to feed livestock, on a year-round basis. 

• Release of an "artificial flood- for 15 years following construction 

of the anantali da will provide water for 100.000 hectares of 

recession farming and for existing perimeters durtng the transition 

period from tradttional to intensive irrigated agriculture. 

* The proposed development will result in crop diversification and 

increased yields, as well as expansion of export crops. 

0 Improved navigation will pca .tbarge transport of cattle. This 
will open up new markets for the sale of livestock and decrease 

weight loss associated with conventional trekking. 

* Proper use of forAge from the irrigated perimeters during the dry 

season along with toplejentation of range management practices can 

-24 



act as4aimortant deterent to dertfiatiot that ts ceud by 

* 	 The proposed develoment will increas. the national food suppbjlies, 

decrease mlntrition, improve the agricultural econony, contribute 

to the improvement of the overall national economies, Lncrease 

employment opportunities In agriculture and *la- d aie ,and 

Improve locooes and living standards. o farmers of the Basin. 

Adverse Impacts 

0 	 Construction of the Diana dam will increase groundwater levels, 

causing waterlogging of the soil in some portions of the Lower Delta 

and possibly increase soil salinity, especially during the dry 

season. 

* 	 Flow augmentattin below the Kianantall dam will resait in the 

permanent loss of approduatety 5,000 hectares of recession 

agriculture land along the riverbanks. 

.:? 'I
 

Traditional farming on flood recession lands.
 
: 	 '. AI - - A, 
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* 	 Construction of now irrigte permeers vtUl d*.r t reessio 
tera~ng In the Saictn &d could result Iii a foo4dsfct.I the 
PBsIn durtug the Irrigated perimeter co.structto period* 

* 	 Crop pests and crop dswaseo will inrese as agriculture
 

intensifies and now crops are introduced.
 

irrlsated periuters my force cattle onto marginal graxsin land and 

hasten desertiflcation unless proper land use manageent practices 

are instituted. . 

* 	 The dstribition of dikes and canals associated with irrigated 
perivter development could block traditional Agratory cattle 

routes to and from the SenegaL.. Rver. 

The failure to properly implement this development progra will lead to 

an erosion of national food supplies and corresponding deterioration of both 

the Basin and national econotes. Nutritioal deficiencies would be 

videspread. 

A ~ LAS 
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Oq-.eat'n,.ciiisicuedysaoKaye* Hal nd the Atlanti lh 
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S Observations 

layflability &long the river for vessels vith ls thn a one motor draft 

varies from 365 days per year between St.-Louis and Podor to 120 da,*#par year
 

between St.oLouls and +Kaye*. River traffic was slowd considerably in the
 

,TO' when0tthe all-weather river went Into place.
l road paralleling the 

.Exi~tstingl conditions that limilt navigation art the following: 

4 .... . . ,'*1. .....+ ++ +i: • A shllow and unstable River mouth. . 
i +,+,,+o+v+++++ ,' ++++,.+++. *,;. i++ + A*WATZOU+ 

, + : +,::++++ + : +;++++,4, 
+-++ + +++ ++ u++ + + +++++ ,+ :.-+++:++++: +>::::+ .++++++ +4 ''4' +++++ + +m++++.+++.+;++:+':+++ 

.... 4°. :+ . ov betvees­,++,++ Various+ ... vlp+:. + ment+activities++ +viii++a++ ar'rousd navigati.on 

:J' '::kO~ Lo iver with,Insufficient width and mIcations along the Senega 

:/ : the passag rturning radiusfor: of barge. 

,+!-:: 0 :iver'lOi+ng. vessels that are. too few In numbr ,and Infficient for ... 

: o+:m faciitites :thatare nt adequate for lare-salnaigtit+onal:++++??:0 Port 
pera4tions.
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Typical commercial vessel on t'i4 Senegal River 
between St.-Louts and Richard Toll. 

Beneficial Inpacts 

" 	 Importation and exportation of goods will increase revenue and 
employment opportunities within the three O.H.VS. tuber States. 

* 	 National and regional economies and Basin inhabitantq)vwll be 

benefited, particularly nali . 

Adver, Impacts 

0 
 Co,truction activities will encourage additional releases of 
sediments to the Senegal River. 

0 
 Barges may be obstructive to artisanal fishing boats. 

* 	 Wave action from barges could encourage river bank erosion, 
(!!endlng on the extent of baFXe activities. 

~II - - - -~ -28- ---­
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*gie g *ad barge traffic will rasepond bttm mds Ia the Senegal4" 

ger channel.A 

* 	 The entry channel will Increse salU.Uy In the Senegal Rtiver
 
dovA~treas of the Oines demo o
 

w~llbe up~ve arg, Maodphosphorous viii beorte ," by 

transported downrLier as an export product. If &rq of* th. 

sn rd 	 wbIn large felrtLe01andare ie!icd 

Senegal It;--r during transport. they could adversely impact the 

aquatic Seosystft to a significant degree. 

* materialsVNeimi8 oraccidently,ill!ialsldischarged Pn~e amoutsd Into the 

* 	 Vessels and port facilities will intermitteuntly dischqrSe oil and 
waste products to the Senegal Ri"r, either Intentionally or by 

accident. 

Discharges of oil and vasts products have the greatest potential of any 
of the projected adverse ch'nges from navigation for nticeably degrading the
 

natural erviror-,nt. Overall, the beneficial Impact of navigation is epected
 

,to oversbadov the potential adverse envIromentl changes asuming the
 

avoidance of a disasterous accident. 
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* Municipalities within the asin do not hew. adequate lIiquid orsoi 

waste disposal facilities tosnnz ies rnmsinfo d 
+++~~ ~ ~+?++theA ~~sourc~s.~~...... +....+ ....~~ ~ ~ ---------- ... + .... 
bUeficial lm~ests 

* _Opportunities for municipal and Industrial growth will be greatly 

enhanced by the proposed O..V.S. development program. Year-round 

water nsed. will be met by annzLL& floods, dry season voter releases 
from the Menantall reservoir and by the Diana dam blocking saltwater 
intrusion. As agricultural production Increases and projected 

agro-industries develop, national economies will become more 

self-sufficient and standards of lvingv ill rise. 

*• Releases from he"Msnantalt reservoir will result in free flowing 

conditions in river channels downstream of Manantali throughout the 

year. In these areas, pools of water will not be present to 

transmit diseses during the dry season. 

* fitture Increased flws and blockage of saltwater intrusion will 

allow Lac de Guiers and other Delta depressions to be recharged and 

to be more reliably used for development activities. 

Adv.erse Impacts 

0 	 With reduced flushing action in the Senegal River below the Diana 

dam, the Las-psr and Djsuse narigots may not satisfy the yearly 
water supply needs of St-,Louis. 

0, "Large influxes of people to municipalities as a result of 
development could innxify public health and socioeconomic 

0 	 Future, inadequately treated discharges of municipal wastes or 

Industrial wastes from agro-inaustries could create localized public 

health and oxygen depletion problems In the Senegal River. 

N-++++ ~.,..-32­.. 1.+ 	 : + .. . .
]i+ /+ !?+ .,. 	 ++ : + + + + + . . . 
;k ' " 	... '" I .+. ' : + - ',+ C - 1 + + ' r+ + 4+ + *+ :" + + .. 




Wi/thin the next So years, major changes are expected to take place 

in the Senegal River RLsin due to inplementation of the O.4.V.S. developmert 

prograa. lk-tatled planning for municipal and industrial growth should be 

undertaken as s-mn as -,ssIble if adverse inpacts are -o be avoided. 
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During the Middle Ages, pressures from fovirlt Berbers and increasing 

desertification forced *rAentary agriculturist. to migrate into the Senegal 

River Besin from the ce jtral Mauiritan~ian Plateau. The Influence of French 
ecolonialim and the d,0lelopm nt of a cash economy 4 th cultivation of peanuts 

haster4d further migration into the Basin. By the 1940',. continued 

encroachment by the Sahel*cn zone and a failing cash economy forced and 

continues to force large numbers of voiking-aged males out of the Basin, 

especially from the "ukulor and Soninkie tribes. 

(I 

A4 

Ethnic and cultural diversity of Basin residents. 

34- -­



Observatilos 

* 	 Tribal groups can be geographically delIuwated moving upstream from 

the mouth of the Senegal River. to order of appearance, they 

consist of the Wolof, Tukulor, Sonlkie, Khasso..e and Maliw*Ie. 

The Fulbe are pastoralists scattered about the Basts. 

• 	 Presently, the prtmary ecanonic activity in the Senegal River Basin 

is subsistence griculture, u*ch generates half of the wealth 

within the Basin. 

* 	 Social structures are based on a corporate kinship group, the 

extended family, that traces its lneage from a common male line. 

* 	 A caste system that controls the distribution of cultivable land 

also exists. 

" 	 The present population in the Senegal River Basin is estimated to be 

approximately 1.7 million. 

• 	 Assuming natural population growth, the 2028 population of the 

Saegal River Basin is projected to be approximately 6.3 million. 

This projection does n tt Include ajustments for outward migration 

from the Basin. 

" 	 Under traditional agricultural practices, it is commn for most 

artisans to work as cultivators during the rairy season and pursue 

their crafts during the dryer time of the year. This includes 

crafts such as leather and woodworking, pottery, and handmade 

fabrics. 

Beneficial Impacts 

0 Basin development will decrease out-migration by providing greater 

employment. 
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0 	 There will be a gradual return froma4 subsistence econney to a cash 
flow economy, enabling Increased buying power. In rural areas wahere 
traditional lifest les will still prevail, bartering viii contiue; 

although there will be an increasing tendency in villages for the 

sale 	of agricultural products for cask. to purchase material goods.
 

* L Agricultural activities on Irrigated perimeters with the 0.K.V.S. 
project are projected by 2028 to support 1,453,500 people out of a 

projected rural population 4 4,814,900 persons. The remaining 

rural populace will continue to exist by traditional lifestyles. 

0 	 The remaining urban populations will be supported largely by 

agro-industries and related services in major urban centers such as 
St.-Louis and Keyes. 

• 	 There viii be an increase in industrial jobs involved with process­

in agricultural products. This includes employment in vegetable 

canneries, cotton gin spinning and weaving alls, sugar refineries, 

abattoirs, tanneries, dairy plants, and lime and processing plants.
 

0 	 Under O.M.S. guidance, navigation and industrialization activities 

are projected to employ approximately 72,000 wsge earners by 2028. 

This viii produce an additional 83,000 service related jobs such as 
merchants, masons, repairmen, barbers, butchers, and taxi drivers. 

Adverse Impacts
 

• 	 Inundation of land behind the Diama and Manantall dams will displace 

residents from !aportant religious grounds. A struggle for control 

of leadership may develop between the various village heads as 

communities are combined. Friction may occur between existing 

populations and the relocated villagers for control and distribution 

of building materials, water supplies, schools, dispensaries and 

agricultural lands. These tensions 'Couldcause a decline of 

authority as well as social instability of the displaced villagers. 
._3
 



Development of the Basin will result in a decrease of traditional 

act ivities such as herding, fishing, rin~fe4 (diori) and floodplato 

(recession) farming. 

Higher wages of dam construct ion workers wilt draw working age males 

from 	g.reat -dietance, -thereby-diaini-shing ,t-heI authority, of _the 
eit-anded family and temporarily decreasing labor avaiable for 

working agricultural lands. 

" 	 Urban poverty is predicted to increaseas job hunters quickly 

surpass available jobs* 

* 	 Greater urbanization wlll place Increasing pressure on the 

government to provide planning and other municipal servicesn. 

* 	 Traditional allocation of agricultur-al lands by the caste system, 
and Inheritance by parcelling will he nodifted under the government 

! ! . !i- I i!iii/!. : ii . i/.!:i ii • !! ! i ! /. !!i: *i~ /i.i ,/ i~-• i - i~ i: : /!!icontrolled irrigation periseters. This may result in social
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" 	 The historically IndepenJent farmer will become increasingly 

dependent on government for agriculturally related activities. 

Spinning raw 

material into 
thread - a 

traditional 

craft In the 
masin. 

A
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/ 
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Un.dser Irrgation .aricul4mt , utich allows double cropping, 
traditional craft actfvti i will declin as more and more of the 
arttsan's previously free ti e becs comtted to cultivation. 
This cultural inpovertshment will be hastened as salaried workers 

" able to buy imported goods manufactured outside the Basin. 

In terns of planaing for future population growth in urban and rural 

areas$ a crucial role for O.N.V.S. will be to predict and interpret the 

expecteO,effects of Basin development on population movements, economic 
potentials, land availability and social infrastructure requirments to 

national, regional and local officials. 
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- PUBLIC HIALTH 

The prftcipsl health problems io the Senegal River Basin are malaria, 

aritJi disorders. fecally related and airborne diseases. other 

diseases. such as plague. yellow fever, menlagoccal muningttie, and cholera 

have ben quiescent: in the Senegal River Besin in recant years. Urtnary, 
schistosouiasis is focally endenic but prevalence i's not high. Ontchocerciaess 

occurs In the Upper Basin. Venereal diseases and leprosy are of health 

significance. Surprisingly, tuberculosis does not Aeppaar to be a problem of 

much Importance In the Basin, except to children. 

Observations 

0 	 Prevalence of malaria is lowest In the Delta where there is the 

least rainfall, and hiahest In the Upper Valley, whuere the rainy 

Season io longest. 

0 	 Levels of malaria infection observed by the health surveyors during 

this environmental assessment project were lover than in earlier 

years. due to. two consecutive previous years of loy rainfall. 

I ' '' 	 ' r 'r, 

0, 	Urinary schistosomiaais Is present throughout the River Basin but 

the prevalence of infection iogenerally low. It iosmore common In 

the Upper Basin but, even there, infection rates are not high. 

Although previously reported, no cases of Intestinal schistosomiaes 

wre found by this Studys field team. 

0 	 (Ochocerciasis is an Important health problem for riverine 

communities In the Upper Basin*' Jnfection rates in this region 

generally are found to range between 10 and 50 percent, with som 

localized higher rates of Infection. 
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0 Nutritional disorders are prevalent In children undr seven ye 'r of 
age, al tough severely affected children are uncommon. 

Ialnourishuent evident from the 

frail frame and bloated belly of 
a child in the Senegal River 

~ 	 > Basn. 

'K 

* Focally transmitted diseases, particularly tittestinal Infections. 
pollomyeliftio and Intestinal worms, are not a major cause of 

Illness in infantsand young children. 

* 	 Airborne diseases are major health problems in the Basin, especially 
among children. Measles, tuberculosis and pertuasss are the most 
significant diseases associated with the respiratory tract. 

Beneficial Impacts 

* 	 The impoundments at Diama. and Nankantali are not expected to 
significantly Increase malaria transmission. 
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*Schistosomasis transmission in the Plta,, presently tusignificant,, 
is not expected to show much change wth construction of the Dia 
dam. It does not appear that the Delta region will provide a 

suitable environment for eithier .tfictent disease vector snails or 

* 	 (hchocerciasts will disappear from the portion of the Senegal River 

in the Upper V411ey to be Innundated by the tmanantali Impoundment 
because of the destruction of the black fly breeding habitat.
 

" 	 Irrigated agriculture vii improve the overall quality of nutrition 

in the Basin communities, 

" 	 Developmnt of properly constructed and smintained water supply 

systems will result in a decrease in prevalence of fecally 

transmitted diseases. 

Adverse Impacts 

" Vector mosquito breeding and subsequent Mlaria transmission is 

expected to increase locally in the upper portion of the Kiddie 

Basin as a result of irrigated perimeter construction. 

* 	 It is expected that the Kanantali impoundment vill have favorable 

vector snail breeding conditions, resulting in a significant 

increase in schistosome infections in that vicinity. 

" 	 Flow augmentation below the Hanantali dam will provide a more stable 

and improved habitat for blackfly breeding on a year-round basis. 

This is expected to result In a higher prevalence of onchocerciasts 

near the Safing and Bakoye Rivers between the Hanantali dam and 

Kayes. 
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* 	 During the constructWWp aso of the IMaaali deal the
 
construction wrkers will be exposd to communicabl 
 die...ase 

Resettlment, 
result In Increased tranmission of both focally transmitted and 
airborne diseases, partiularly during the construction phase of the 

I immigatironmnnt wilmotlikly
 

* program. 

* It is anticipated that the overall impacts of the O.N.Y.S. development 
program on health will he favorable.' There are, however, adverse impacts 
which have been noted. It to felt that an effective mitigting measure 
against the expected advirse health impacts of the developisat program is the 
development of a primary health-care system within the Basin. 

, ,­
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4, Marine fish are trenwportsd to upriver markets, sppalA.ating river 
andg estuaine fis a mtsot 

lsMrketiog of fish in the 

Snpt River Basin. 

-	 y+-I -- : ' +/' , ' + ,,-~b ',L ' L *y-I'I.---: --J -- '. ' *I <L.. . . .. . ' .. ;. : '.-,,! ..
 

-. !Q(: 	 ...... 

0 	 The average annual per capita consumption In kilograms of fish 
within the Senegal River Basin presently and projected for the year 

- " 20001as 58 and 67 kg/c/yr respectively In Senegal, 15 and 22 kg/c/yr 
in Hauritania, and 15 and 15 kg/c/yr in Hali, This study projects & 
total annual demand for fish in the Senegal River Basin of 48S,000 
ctric tons presently, 110,930 metric tons by 2000, and 240,000 
metric tons by 2028. Tha Increased demand can be attributed to 
increased annual pr capita consumption. Rut wore Iaportantly, it 
can be attributed to the Resin's rapidly expanding population, whuich 
is projected to Increase from its presently estimated se of 1.7 
million to 2.9 million by year 2000, and to 6.3 million Inhabitants 
by year 2028. 
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-- - AUATIC VEGETATION 

Over 50 species of higher aquatic plants play an imfprtant role In the
 
ecology of the Senegal River Basin. Emergent vegetation along the marshy -­

_-edges -of -wter-bodies- provides -important -habi cat-for--a-variety-of -bird -li fe-------­
and sei-aquatic wildlife including mammals, reptiles and aaiphbians. 

Floating and rooted aquatic plants provide habitat for a variety of 

invertebrates that act as important sources of food for fish. These plants, 

along with epiphytic algae and phytoplankton also act directly as food for 

some species of fish. Habitat is also provided by aquatic plants for fish 

breeding, as a nursery and for refuge, being especially Important in the
 

seasonally inundated floodplains of the Senegal Rivet. In the quieter
 

backwater habitat of the floodplains and Lac de Guiers, higher aquatic plants,
 

epiphytic algae and phytoplankton are important in replenishing the
 

life-giving oxygen throughout the water column. Certain species of aquatic
 

plants, such as Ceratophyllum, NyIphaea and P!Is,4 provide habitat for the
 

snail vectors of schistosomiasis. Aquatic plants, such as Pistia, may at
 

times reach nuisance levels, inhibiting fishing and artisanal navigation
 

activities.
 

Inundation of a ponded area with Ny:haea" 

and other aquatic plants. 

-47- - -



Observations 

* 	 Higher aquatic plants in the Basin are restricted during much of the 

year to permanent quiescent bodies of water such asLee 4o Guors,, 
AfttOut *a Sahel and Djoudj PArk. Higher aquatic plants are most 
prolific during the rainy season covering largo areas of the 
Inundated floodplains. 

* 	 Higher aquatic plants in the main chanael of the Senegal River are 

limited by seasonal water fluctuations, the anaual flood that tends 

to flush these plants out of the Basin, and turbidity.
 

* 	 Water level fluctuations, inve action and turbidity limit higher 

aquatic plants to the adge of Lac de Gulers. At times, Plstia 

reaches nuisance levels, affecting fishing activities. 

0 	 Observations Indicate that higher aquatic plants block flows in 

irrigation canals, and that trampiration results in loss of tater 

that night otherwise be u*od for irri tion. 

* 	 During the dry season, plankton are abundant In quiescent water 

bodies such as Lc de Guiers, Aftout e Sahel and Djoudj Park and in 

the trapped pools of water of the aian river channel. 

• 	 During the wet sason, high flows end Increased turbidity reduce 

plankton populations in the main river channel. At this time. 

plankton populations play a major role ln supplying oxygen cad food 

to the flood plain fishery in the Basi.n 

Beneficial Impacts 

0 
 Phytoplankton twill play an increasingly important role behind the 
-IDiana 
 and Nanattali dams in providing oxygen to the wntercoun' 

and In acting as a source of fish food. 



* Wind and trve action vill restrict development of nuisance levels 

floating aquatic plants or mats of floating plants (Sudds) on the 

open vater* of the Manantali. 

of 

. Ikter level fluctuations along the shoreline of the anantali 

Reservoir will. restrict the grorch of rooted aquatic plants that 

could harbor the snail vectors of schistosouLasis. 

* bmerert vegetation alont the increased 

and Diam dana, the Aftout as Sahel and 

important vildlife and bird habitat* 

shor"4iines of 

Lac RtKiztvill 

the anantali 

provide 

A major portion of the Diane reservoir (averaging less than 0.3 

meters outside the ain channel at the 1.5 meter ION level) and the 

increased recharge of Lac de Cuiers, Aftout es Sahel and Lee R'Kis 

vill provide excellent year round habitat for the proliferation of 

higher aquatic plants and plankton. 

Adverse Ipacts 

* The increase in aquatic plant habitat disocisse above cannot compare ' 

to the total biomass of plantsl tIfrom a projected 2028 deceas 

of up to 3"9,000 hoetares of fl,4 lain habitat for an average flood 
as the result of $asin development. This. In turn, vwil have 

aJor adverse Impact on the annual fish biomass available for 

harvest in the Basin. 

* Increased nutrient levels downstream of agricultural, 

industrial activities could result in elevated levels 

plant and plankton populations. 

municipal and 

of aquatic 

* Floating aquatic plants may reach nuisance 

dendritic arms of the Manantali reservoir. 

levels in the protected 
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e If uncontrolled, aquatic plants vil reach nuisance levels, 
decreasing the perforance of new and existing irrigation canals as 
well as providing habitat for diseas vectors; in turn affecting the 

health of agricultural workers, 

Although the net result of development will be an overall decrease of 
aquatic plants in the Basin, monitoring will be necessary, especially in the 
impoundments and Irrigated perimeters, to assure that aquatic plants are 
controlled. This will minimize increases of habitats for disease vectors 

around population centers.
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-vegetational- zone in the 

Senegal River Basin, Two broad zones 0. vegetation exist within the study 

area: the Sudan zone from Bakel to beyond Hanantal[ and the dryer Sahel zone 

covering the remainder of the Senegal River Basin. Three major forest types 

are distingulshable: the gonakie. the dryland and riverLne dryland (diert) in 

the Sahel zone, and the upland savannA forests of the Sudan zone. Hanaged or 

classified gonakie forests'are protected from over-use by can and his domestic 

livestock, but have been severely affected by the recent drought. Unmanaged 

or nonclassifled gonakie and dieri forests in the Basin are in a degenerated 

state from the recent drought, overharvesting by man for firewood and \\ 

I-~iuand cosely pa ratlet Jat Itotnal- IIne, -~-~ 

charcoal, out-of-control fires set by traditional agriculturists to generIte 

fertilizer, and from overbrousing by livestock. The destruction of these 

forests by such activities is considered a major factor In hastening 

desertification In the Senegal River Basin. 

0~ .. 5j+ms 

Illu 

I II' 

Acacia Tree.
 
III I I; 



Observations 

0 
* 

Primary uses of forest* include commrcial exploitation for firewood 
and charcoal, wildlife habitt, and. a nd ' .-browstng 

of domestic animals. 

• Gonakle forests are monotypic, consisting almost exclusively of one 
specie of tree, Acacia nilotica. The GonakLe forest to the most 

valuable of the three forest types because of its coimrcial use as 

firewood and charcoal. Approximately 50,000 hectares of gonakle 
forest exist on both sides of the Senegal River in I auritania and 

Senegal. Hovever, this Is only 0.17 percent of the land surface In 

the study area. These forests are not found in Hall. 

0 Diert forests are multitypic, consisting of a variety of species. 

Dierl forests are much lover In productivity than gonakle forests. 

Approximately 15,000 hectares of nonclassified dieri forests exist 

in the study area. There are no classified dieri forests. 

0 Although presently in a degraded state, regional experts feel that 

dieri forests will be of key importance In future years as 

productive gonakie forests become reduced in site from develop­

mental activities. The agricultural field tenm in this Study 

programmed perimeters around existing classified gonakie forests. 

0 The upland savanna forests are found In Halt and. because di 

increased rainfall, have a greater species diversity than the 
previous two forest types. Despite approximately 1200 m of annual 

rainfall In the Kanantali area, the forest resource Is not extensive 
nor of much c..mercial value. The most valuable trees occur as 

fringe forests along the Bafing River and its tributaries. 
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J 	 J 

Upland savanna forests.
 

0 	 Between 1-1.5 steres (0.4-0.6 tons) of firewood are required yearly 

per person in the Senegal River Basin. Because even carefully 

managed classified gonakle forests cannot supply this need, dieri 

forests have been rapidly over-exploited. Recent increases in 

firewood and charcoal availability have been attributed to the 

increase in dead and dying trees on classified forests. 

Over-flights by the study team indicate approximately 33 percent and 

43 percent, respectively of the classified gonakie forests in 

Senegal and Mauritania between Rosso and atam have been killed by 

drought between 1972 and 1977. This lost timber is not being 

replaced, greatly reducing the productivity of these forests. 

0 
 While Senegal and Mali have forestry resources outside of the
 

Senegal River Basin, Mauritania's timber reserves are limited to the
 

Basin area.
 

Beneficial Impacts
 

* 	 Creation of a barrier to saltwater intrusion by Diana dam my 

improve groundwater quality and result in decreased soil salinities, 
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improving conditions for growth of forests immediately adjacent to 
the Senegal River in the Upper Delta, upstream of Diia. 

4, ouflow regulation during the 4iry season will ensure recharge of 
the groundwater, benefiting forett lImmdiately adjacent to the 

river. 

Adverse Impacts 

" 	 Inundation 1000 hectares gonakie forest fromof of behind the Diana 

dam will man a permanent lose of approximately 255,000 steres of 
firewood. These should be harvested before construction. 

* 	 Decreased floodplaMninundation as the result of low flow regulation 

by the Manantali dan Is projected to result in an estimated loss of 
approximately 7600 hectares of the remaining 37,900 hectares of 

gonakie forest downstream of the dam. This represents a volume loss 
of 1,817,000 steres. These losses are much less than have been lost 
due to the drought and overbrowsing by livestock. 

• 	 Permanent loss of 700 hectares of fringe forest and 42,900 hectares 

of upland savanna forest from Inundation behind the Panntali dam. 

• 	 Possible loss of gonakie and dLeri forests from agricultural
 

development, although 
 irrigation perimeters can be programmed so 
that they wil not affect existing classified gonakle forests. 

The failure to implement reforestation and proper land use management 
practices will result In a decrease in available wood supplies and wildlife 
habitat, and will hasten desertification. 

. .. 	 .!,. "/1 



,APOIALOGY AND HERPETOLOGY
 

The past two decades nave witnessed declPne in wildlife throughout most 

of West Africa. )r..ught . rid act ivi tie% by nan .. re priuary factors in this 

decline. The Ievelopnnt ,f the Senegal River Rasin is designed to increase 

the valt.e of the hasi- is .a re.:,urct for man. l'ntfl now, wildlife anagement 

practices anJ ',,tenrial inpacts ftrY development have not been considered in 

Fsasin-wiJe develpwnt plans. 

Obser'at ions
 

Wildlife habitat in the Senegal River Basin is largely determined by
 

variations in topography and rainfall that influence the
 

distribution and diversity of vegetational types.
 

* 	 SuperI2pm3!,ed upon these g~ographical deternants are land use 

practices by -an, especially in the Lower nd Middle Valleys of the 

Basin, which have reeilted in degraded wildlife habitat throughout 

much of the region. Dieri farming has resulted in removal of 

indigenous vegetational c-ver. Over-grazing of savanna vegetation 

by sheep, goats and cattle has reduced the habitat and forage 

available for native herbivorous maals, such as the elephant, 

gazelle and mnkey. Large cats and other predatore relying on these 

animals for food have correspondingly been reduced in numbers. 

Destruction of forests by drought and man-made fire, as well as 

uncontrolled harvesting of forests for charcoal and firewood has 

resulted in degenerated woodland habitat throughout most of the 

Bas in. 

* 	 The lion has been eliminated by man from most if not all of the
 

Lower and Middle Valleys because It is a menace to livestock. It
 

still occurs in the Upper Basin from Bakel throughout the Senegal
 

and Bafing River portions of the study area.
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* 	 The year-round presence of freshwater i the Din I.mpoundment wil 

allow wildlife to colonize Delta areas fomerly not availabl.e to 

them because of the lack of freshwater during the long dry season. 

* 	 Creation of Mile Crocodile and hippopotamus habitat behind the 

duanmntal damd. 

0 	 Improved wildlife habitat along the periphery of the Hanantali darn, 
benefiting Roan Antelope (Mippotragus equInus), Deface. Vaterbuck 
(Kobus defassa), and lohor Reedbuck (Redunca redunca). 

* 	 Increased habitat for various species of reptiles, amphibians 

rodents and other sm 1s from the development of Irrigation 

agriculture.
 

Adverse Impacts 

* 	 Loss of between 130 to 320 sq. km. of already degeneratedLbtL 
from Inundation behind the Diana d, affecting populations of 
warthog, jackal, rodents, serval, civette and enet. 

0 	 Nanantee could become trapped and perish in highly saline waters 

downstream of Dian dam. 

0 	 Loss of terrestrial wildlife habitat from resettlement of villages 
to be Inundated behind the Kanantal.i dam. 

0 	 Loss of 42,900 hectares of upland savanna habitat and 123 kilometers 

of fringe forest along the Bafing River from Inundation behind the 
Kanantali dam, affecting populations of lions, serval,, hyaenas,, 

warthog, OrIbi (Oure1ia ourebi), Rad-flanked Duiker (. 
uilatus), Dusbbuck,(rg*pu scrIptus), small mmmis, 

Ptlsand amphibians. Inundation will force many of these 

a14als out of the area, wile others will be lost due to drowning. 
....­
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tkay dispae*4 5~Rls tiU1 be forced oto habitat that to at 

carrying capecity for that $PecOe. to such lastancos the"e afums 
-wi. mat ,dieor be forced o now' on until t. sparsely 

Ssettled habitat can be fond 

* 	 Loss of terrestrial ,'ildltfe habitat will o~cur from agricultural, 
Industrial ad urban vlopmento Mdditionallys the bn 
population will expand to 3.7 tiats Its present else over the ot 
50 years. As a result,, there will tA ttacressed cmptitIooubteem 
ass and wildlife for the us of Reas lands, even In the rural 
enviroment. 

Proper manaement practices can pertially offset adverse conditions for 

wildltfe, hblch 1s presently In a degenerated state. throughout the Basin. 

Howver. on balance. wildife will continus to be at a growling disadvantage 
against the pressures of increased hsun populations and develomnt 

activities. 

7., 
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ORXIIWOKy 

qjt SrRitver Basi constitute .a nj 

habitat for migratory fowl that arrive from a vast aa extending from Europe 

to Siberia. The moat significeant habit~at Is the Djoudj depression', wh~ich 

be~ma a haven for vaterbirds in I963,wen a system of diken was bilt. This 

prevented the inundation of many Delta wetlands surrounding Djoudj In Senegst, 

pemitted agricultural development and resulted in much wetland habitat 

destruction. These developments, however, resulted in longer retention of 

water in the Djoudj depression. While there are no bird species found with in 

the Basin that are directly threatened with extinction, there are seven 

species that are listed by the Convention on International Trade of Endangered 

Species of Wild fauna and Flora. Six of the seven species were seen by the 

ornithology team during fieldfrrips. These are the Crowned Crane (lalearica 

reguloru ),eagles of the ger!ira and Halia.tus, harrier hawks (Circus),agula 

i~i: 	 Osprey (Fendion haliaetus), and the European spoonbilt (Platalea leucorodia). 

Seps oul (Otus s was the only endangered species that was not seen, 

although It has been listed as a vintering bird near Richard Toll. 

The Crownued. Crane.*~ 

10 
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Observations
 

" 	 ,Xje tco drought conditions, waterbird populations observed in 

December, 1977 were far below norril levels at wetland sites in the 

De I t a. 

* 	 Three species of duck, the pargany (Anas queruedula), pintall (Arias 

acuta) arij *-'hii,'-faced t-du k (DIMndrocygna viduata), constitute 

90 percent )! t ,i .iter! ,-! poim-latton that migrate into the Senegal 

River %'alhev. .hi, Sen ,,.tl River Htsin is n!ie of only two wintering 

grcunds a i. ,:' the ga rga n', the other be£ne the Interior Niger 

Deltt of '!a. 

* 	 The gre'ates waterhird opula t ions occur in the Delta but they are 

also well repre nt,4! upriver. As the dry season progresses these 

waterbirds bec,e -. ncentrated in the anaged DJoudj Park. 

* 	 Uaterhirds were scar ce In the .anant.alt area of the Bafing River 

during the 4ay, 1978 site visit !-)f the ornithology teAr. It is 

recognized that during this survey the drought conditions and time 

of year mayv. ., unfavorable to bird congregations in this 

region of Mali. 

" Population levels of sananna birds in the Valley were found to 

greatly exceed previously reported levels. 

* 	 over the past decade, the population of the Rice Bird (Quelea 

quelea), a notorious grain crop pest, has declined in the Senegal 

River Valley. 

" 	 A number of other species of birds occurring in the Senegal River 

Valley also have been impllcated in grain crop damage but not to the 

same extent as Quelea. These include several members of the genus 

Ploceus (weavers), the genera Euplectus (bishops) and Passer, 

especially Passer luteus (golden sparrow), a relative newcomer to 

the Senegal River area. 
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* Ciconia ciconial the Whvite Stork, which Is strictly protected under 

the African Conservation Convention, was Idenlified by the 

ornithology team at Djoudj Park during winter. 

Beneficial Impacts 

0 Increased waterbird habitat (marshy perimeters) resulting from
 

construction of ?lanantalt. and Diana impoundments, maintenance of 

water levels in Lac de Cuters, Lac R'Ki:, Aftout es Sahel and 

Irrigat ion canals. 

The White Pelican In formation common 

migratory water bird in the Basin. 

-a 


* Increased food supplies for waterbirds, initially at Lac de Cuiers 

and, in the long term, at the tianantali and Diana impoundments. 

4"These food supplies will come from year-round growth of emergent 

vegetatk..-n aquatic plants, fish and invertebrates. 



Adverse !Mea 

* 	 Construction of the D Ama dam vill cause a loss of estuarine fishes. 

r#.ablting la a corresponding decreas In fish-eating bird 

0 Inundation of ieservoir sites and Irrigated perimeters wIlA decrease 

available habitat for savanna birds. 

* 	 Increased agricultural productivity vill lead to a large increase in 

population sizes of granivorous bird species. This is a long-term, 

positive impact for bird species but will result in s negative 

impact to man from decreased crop harvesting. 

0 	 Widespread use of pesticides in irrigated perimeters could result in 

the concentration of pesticide residues in body tissues of 

insectivorous and graniverous birds. Bioaccuulatton of pesticides 

in fish-eating species could also occur by runoff of pesticides or 

discharge of drainage waters from the perimeters into the aquatic 

ecosystem and the subsequent contamination of fish.
 

The overall thrust of the Plan of Action should be to mitigate the 

adverse. c from granivorous bird populations whtle, at the sm time, 

protect the habitats of birds that are not hareful to man and his activities. 

• i 	 4
-.

j~j-~' -

'F, 
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KEIOAEUTI li 

Itis the coWceSUS Conclusionof the technical specialists who served on 
this 	project that,,the benefits to be derived from the O.K.V.S. development 

program by the citizens of the Senegal River Basin far outweigh the adverse 

consequences projected as a result of this Study. Assuming those actions 
recommnded' herein for mitigation purposes are to be undert wen, no 
reservations should exist with regard to the recommendation that the O..V.S 
proceed as schedu'ed with the entirety of its development plan. Moreover, 

there are opportunities to enhance the enviroament as a corollary to the 

development plan. 

The actions recommended herein can be integrated into the basic O.N.V.S. 
development plan which schedules activities and projects in the Senegal River 
Basin over the next 50 years; during which time the population will nearly 

quadruple in size. 

If properly managed, the Senegal River Basin can become a model, 

demonstrating the effects of sound planning and development on integrated 

water and land management practices. On the other hand. if Improperly 
managed, the proposed developments will provide further evidence of man's 
overuse of his environent and its relationship to encroaching desertifica­

tion. 

The three types of actions described in this report are as follows:
lIj 

0 
 Recommendations to enhance beneficial environmental impacts 

0 
 Recommendations to mitigate adverse environmental impacts 

0 	 Recommendations to create or strengthen public institutions to carry 

out environmental actions within the conte of the structures of 
0/ .V.S. and Member States. 

' ? ! , +++ q .n i ; ; n' . .. 3 "- ,-6 +L" 



in turog these recmmed ctios fall Into two broad cateSories: 

* 	 Rcomndations for besin-vide actions 

...e. c ndations far development-related -impacts 

A diagram shoving the scope of the recomm ndations is presented on the 

!olloing page. 

The legal authority for O.1.V.S. to carry out riverine development is 

established by binding covenants enacted by the Conference of Heads of State 

and Governents. Acting in unanimity, the conference can alter the extent of 

the organizationts authority ("La convention portant creation de 

I'Organisation pour I& Rise en Valeur du Fleuve Senegal', Article 17). 

At present, the authority ofO.H.V.S. is limited by covenant to specific 

common works and general coordinating functions ("Convention relative au 

statut juridique des ouvrage couens" December 21. 1978). Specifically, 

O.H.V.S. is now responsible for: 

* 	 Construction of water regulation facilities, including the financing 

and construction of the Dims and anantali dams, the Improvement of 

the irrigation canals and the operation of these cnmmn facilities; 

Protection of the rights of the three Member States in the future
 

use of the riverine and estuarine resources;
 

* 	 Coordination or harmonization of further exploitation of the river 

by the Member States. 

Organizationally, O..V.S. has the potential for both increased powrs in 

the River Besin and increased Implementation responsibilities. The necessity 

of increasing the authority of O.H.V.S. for efficient Besin nagement ws 

foresee in structuring the organiztion a decision-mking processes to allow 

for gradual expansion of responsibilities as developments are required. 
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There are three tiers of decisional authority within O,(.V.S. 

0 The Conference of Heads of State and Governments I the policymaking 

-+ bo...y. of -: P icyd-the 

extent of the organization's authority. Its agreements are binding 
on all three governments since unanimity in decisions is required. 

Agreements that conflict with existing national legislation take 

legal precedence over those laws. These national laws would have to 

be revrittvn to harmonize with such O.M.V.S. covenants. 

* 	 The Council of Kinisters of O.M.V.S. has the responsibility for 

Ldefining 	 priorities for common development projects. It can 

authorize projects, allocate coats of those projects to the Member 

States,. and negotiate and accept loans and grants. Its decisions 

are binding on the Member States, within the directives agreed upon 

by the Conference of Heads of State and Governments. 

a 	 The High Commission is charged with preparation and implementation 

of projects to be undertaken by O.M.V.S. or cooperatively by the 

individual Member States. That is, it identifies projects necessary 

for the successful fulfillment of the broad O.M.V.S. goals as they 

become necessary or as complementary projects seem justified. It 

therefore concerns itself with the gathering of data concerning the 

River Basin; the preparation of integrated studies and project 

proposals; and the direction and coordination of project 

hmpleme.ztatton by its subdivisions that include, among others, a 

Directora e for Regional Infrastructure and a Directorate for 

Regional Planning and Coordination. 

Many of the recommendations of this assessment concerning envirommental 

impacts are necessarily regional in scope, as are the Impacts themselves. A 
broad choice is posed throughout these recommendations,2 to whether responses 

to Impacts should be nationally implemented and coordinat ' by O.M.V.S. or 
Implemented directly by O.M.V.S. The choice is, of-cow.,'. in the domain of, 

the Member States. These plans of actions often clearly favor one choice over 
another on the besis of efficiency and effectiveness, usually favoringan 
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institutonlal approachu that permits environmental actions more appropriate to 

the regional nature of the problems. 

Otf#V.S. potentially has the authority to regionalize approaches to 

adverse. wtvironeta-inqpacts. .-A.varlety of-avmes is open .either .to -__ 

harmonize existing law under national jurisdict ion or to Integrate 

enforcement capacities for certain problems under O.H.V.S, Similar options 

exist for the implementation of projects that ll have environmental effectso 

such as the establishment of national standards for perimeter irrtgation 

practices. 

These. potentials must be kept in mind when examining the proposed 

environmental action plans. The O.K.V.S. structure and willingness of the 

Hember States to harmonizz their development efforts offer a unique 

opportunity for multi-use development of the Basin that can enhance rather 

then weaken the resource bas of the entire region. 

The scheduling and programing presented In this section is based upon 

the assumption that construction of the Diama and Manantali dams will be 

completed by 1986. Additionally, major navigational activity in the Senegal 

River Basin is planned for 19866. This study also accepto the most realistic 

rate of development for the Irrigated perimeters, based upon Groupment 

Manantali estimates, as 5000 hectares per year over the next 50 years. 

Based upon these assumptions, various projects, studies or actions 

recommended by this environmental assessment should begin imdiately 

(1980-81) or are in turn tied to these imdiate actions. Other activities 

need to be implemented at some period, prior to, during or after the various 

ph~ase* of development. Because it is realized that the actual completion of. 
the developmental phases may vary from the proposed completion dates, the year 

1986'may be considered as year zero. Then, with the exception of projects 

which should begin imdiately, any recommendation can be scheduled by its 

need to be completed so many years before or after the actual termination date 
of a developmental phase. Information for the programming of recommended 
activities will be found at the end of each action plan. Each activity is 

presented as a numbered task corresponding to the task description. contained 
in the plan of action flow charts.x +
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iI~f , ~ 

INTEGRATED LAND USE PLANNIING 

di i~i 

Senegal River ?sin. LArge portions of the Senegal River Valley downstream of 
tBakel have exk lenced a gradual depletion of vegetation during the past few 

decades from ,,iergrazing by livestock, man-mde fires for generation of 

fertilizer and .C% destruction of forests for charcoal and firevood. Removal 

of this protective cover in combita ion with regional climatic conditions, 

particularly drought, has hastened desertification. 

Lin' i ,WII lon ie'66lio t treatened resources in the 

Encroachment of desertification tn the Senegal River 

Rasin as the result of man's activities, his livestock 

and climate. 

land use planning should begin immediately to improve the already
 

degraded state of the terrestrial enviroment existing over widespread areas
 

of the Basin, and to minimize expected user conflicts, especially along the
 
River's edge between Bakel and St.-Louis. Disputes will arise between urban
 

+ +
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and industrial planners who wish to convert this land into cities and towns, 
agricultural interests who see the opportunity to develop irri..ted periter 

and environmentaists who wish to see this land preserved in Its natural state 
to safeguard wildlife. Proper land use planning uill Improve the quality of 
life-for.man-a .anaIs,-.and assure-. thatu-aaziut.benefits -arederived, -from 
these resources. Land use, planning must integr~ate recomedations relating to 
environmental actions for agriculture, municipal and Industrial development, 
thbeDiama dam and the Hanantali dam. Land use planning should include: 

" Basinvide land use management guidelines Including 

pollution standards, codes for exploitation of natural 

resources and a wildlife conservation code; 

" A 	projection of land use needs for: 

- Rural and urban residential,
 

- Commercial,
 
- Industry: manufacturing and mining,
 

- Agriculture: Irrigated and traditional types,
 
- Livestock: open range and forage production,
 

- Forestry: production and preservation zones,
 

- Vildlife preservation;
 

" A Mlaster Land Use Plan governing allocation of lands for 
particular uses and the conditions for exploitation; 

The Heater Land Use Plan should contain actions to:
 

e 	 Alleviate stress of overgraed range lands by allowing 
herders an opportunity to become Integrated into activities 

associated 'ith irrigated perimeters; 
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The nomadic lfestyle of Basin resdents may 

Tioi inlefn be affected by developme.,the abv acii is othe . so .. .. hsRpr rvd -ql i 
~ifi add- - -- -Inventorie and reeach Icuing lsff o of land b 

0 Regulate use of[ dry and wet season pasturage outside 

0 Regulate and improve Z:raditional farmig prActices; 

, : . Protect and enlarge existing. forests, and ,,willfe 

presorves; 

':. ~ ~ Ee:ncourage reforestation., innassociat-ion with.irrigated 



suitability for specific es. Areas such a savannah grazing ranges and 

forest ones that are most in danger of degradation should be Immediately 

identified. Additional Inventories of soil types In selected areas eo needed 

to aso their suitability for agricultural use considering drainWg
 

-q~peit-.n-salto e4oded -sone#-must -be -inventoried~a*- ­astl~-Nbeqq*-
to their suitability for open and restricted livestock grauing. Zones 

unsuitable for agricultural or pastoral use should be Identified for 
residential or industrial uses Basic assumpitions regarding the limitations 

for use of these zones must be specified; such as, livestock carrying 

capacities. broad definition of crops suitable for an area, suitability of 
land for use under drought conditions, and the approximate hectarage available 

for each type of use. 

Special attention should also be given to monitoring the population 

dynamics of the Basin. During the Initial years of O..V.S. developmsnt, 

there wi1l be considerable geographic moveents of people and shifts from one 

employment sector to another. The findings fro, the socioeconomic volumes of 
this Report &nd reports by others point to the necessity of detailed plans 

regarding resettlement, provision of services and land tenure patterns. All 
of these Issues should be dealt with in the development of the Master Land Ue 
Plan which should be given a high priority. ecause these types of studies 

require detailed maps, work should be coordinated with the O.H.V.S. mapping 

program.
 

The Nigh Commission should charge the O.MLV.S. Directorate for Reginal 
Planning and Coordination with providing data and twchnical expertise to its 
Member States in regionally coordinating the development of an overall land 

-use plan and Integrated: resource management program. Host p..if'tly, 

O.M.V.S. will have the role of demonstrating that the three Member States 
cannot continue uncoordinated usage of their joint natural resources without
 

'Jeopardizing the future of the region. 
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Because budoetig of aeter for thes purposes msy bcome extrely 
critical, a Water Use master plan for the asin should be developed and 

carried out by the Peneqot Cmittee on Water Use and the O.H.V.So Council 
of Mnist rs.Water use plannng should Includen 

0 Ira" guidelines for the maintenanc eof surface and 

grounde ter quality. These guidelines should be taken 

under ons ideration by Mnmber Statesin the promulgation of 

national codes and regulations. Member States my also 

wish to establish standards for stream quality and 

discharge of municipal and industrial astewater effluents,. 

as well as for return flow from Irrigated perimeters. 
Specific recommendations relating to the above are to be 
found In the Environmental Monitoring and Pollution Control 
Plan of Action. 

* Nationally projected demands for water use by each sector, 

such as agriculture, industry, muicipalities, navigation, 
and forestry. 

0 Continuing modeling and studies of the effects of flood 
control on groundwater recharge as wail as the potential 

for the various aquifers to supplement surface wateris for 

muncipal/industrial. and agricultural uses. 

* A synthesis of national water demands and a Basin-wide 
allocation schedule Indicating amounts of water to be 
aside for each use in each country. 

set 

*, Establishment of a set of water use priorities for the 

Basin based on the development objectives of each country. 
The quantity of water available is fixed by natural 
conditions. Choice* as to use must be mae between humasn 
consumption, irrigated agriculture, fisheries, wildlife and 
forestry resources, industrial use and navigation. 
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PRIMARY HIEALTH CARE AND HEALTH NNWITORZNG 

The health care systems of the three Tlember States share many basic 

characteristics with those of other developing countries. They are 

understaffed, seriously undersupplied and suffer from a weak administrative 

support structure. The major deficiency is the lack of an effective health 

care infrastructure at the community level. The development of a primary 

health care service for the regions of the Senegal River Basin would serve as 

the principal mitigating measure against adverse health impacts of the Basin 

development prograa. 

Environmental Assessment-Study Team conducting survey to 

determine the needs of primary health care in the Basin. 

Primary Health Care 

Without a health infrastructure, programs aimed at ameliorating, con­

trolling or eradicating diseases, with rare exception such as smallpox, 

achieve at best, only temporary or partial success. Even then, it is at a 

cost that Is unrealistic, if not prohibitive. 
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It is intended that the health progra proposed herein would not make 
excessive demands on the national health budpts and would provide more 

effective services at the corr nity level. It could be financed mainly by the 

community served and would provide simple curative and preventive health care 

oomall-	 This apprch- is -currently-being-put into practiceunity- members. 

in many countries of the developing world, including Senegal (The Sine-

Saloum) and Hall (The Yelimane-Koro pilot project). The World Health 

Organization is promoting thie approach for developing countries as the 

solution that makes the best use of existing human Lnd financial resources. 

It is felt that health care systems requiring small payments can succeed, 

even where free public medical care has been national policy. Villagers 

traditionally have to pay for medical service, whether it has came from the 

local pharmacy, the dispensary nural-, itinerant medicine sellers, or 

traditional healers. Thus, paying for a primary health care unit should not 

require a great social adjustment. Also, given the current strength of the 
national economies involved, the governments cannot support an effective 

health care system without direct support from the people served by it. 

This program is readily adaptable to the existing health services 'of the 

O.M.V.S. Member States. It will include the addition of a new level of health 

care personnel - the village health worker. The health worker would 

participate at the community level and would function below the levels of the 

regional health post personnel, as follows: 

0 	 Health lHut - The basic component of the primary health care system 

is the village health hut. Each health hut would serve 2000 to 

4000 people, about 8 to 10 villages, and would be staffed by two 

village health workers and one village sanitarian. The staff would 

deal with: 

- personal, family and commnity health &M~sanitation, 
- basic curative services such as diagnosis, first aid,, 

and dispensing mdicitke, 
preventive services such as health education, and 

environmental sanitation. 
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Anials watering, people 

bathing, washing clothes and 

obtaining drinking water out of 

the Senegal River. One reason 

saniLaL.on education is needed 

in the Basin. 

(If
 

The health workers would be responsible for basic first aid, disease 

diagnosis and dispensing of medicine. The sanitarian would be 

responsible for encouraging the development of sanitary practices 

througi~acttvities such as instruction and demonstration of personal 
hygiene, pre- and postnatol care, proper handling and preparation 

of food, proper construction and location of privies and wells. 

These personnel would aid in conducting periodic sociological 

studies needed to adapt the sanitation and health care programs to 

local culture and traditions. 

Health Post - Health complications, injuriei and illnesses whichu 
. . .. exceed the diagnostti or treatment capabilities of the healthut 

'II 
L ......... i ould be referred to a regional health post (dispensary), serving 

+ 
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approxhiately I0 health huts. Each health post would be staffed by
 

a nurse, nidwife', sanitation agent and an orderly. Among other 

dut ies, t hvv -tiI d pr,v., de t rai inIng to health hut p rsonnel 

distrih.t ., Iru,;- I-) i hut% ind r,,fer serious healt h cases to 

national h-.irlh -. ,ir .in,! hospital, for advanced treft..ent. 

Resptonsibility for professional actlvities would he Ath the 

'ilnistries of ' f the Menher States, throtugh the-'eait acting 

directors of the healtOh posts. 

The principil c,)sts of the priaar. health care progr.am would be salaries 

and drugs. BEkca ise )f the danger of illicit drug trafficking, it is 

rectmended t hat an Invetitory conrl progrL- N. established to carefully 

monitor the distribntion ard supply of drugs. 

The suggested role of the fl.M.'.S. will Se one of coordination, securing 

financial and t,-,hnical ;upj*_rt fror, International sources, and providing a 

public health infornation center for the &isin. lplementation of irtmary 

health care shoull b, the responsibility of the health ministries of Senegal, 

Kauritania and !Uli. 

The health nintitries tn± O.4.V.S. must be Informed about all health care 

activities because of the need to coordinate the health care system and assess 

its effectiveness. Periodic assessments of public health conditions would 

also be useful. The presentation of annual reports hy health post personnel 

could provide this type of information. 

Health .oni t oring 

It is proposed that O.M.V.S. establish a health monitoring program that 

would maintain surveillance for changet- ''sease pattrrns in the Basin. 

Senior progran officials would serve %, visory group to the Member States 

for health problems In the Basin that ar. ,f comaon interest. 
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To make this program effective, arrangements must be provided to:
 

* 	 Inspect activities at primary health care units; 

* 	 Conduct periodic sociotlogical -;tudies to gauge the 

adaptatio)n of t)e prinary health program to local culture 

and traditlions; 

" 	 Refine. activities at prinary health care units; 

" 	 Develop a svste for detecting significant changes 

in disease, patterns in the Rasin; 

* 	 Monitor disease' inft.'ct ion rates and transni ssion potential 

through,)u.t : ' ?isin i sec! on statistics provided by the 

health (-.ire faiIlitie.; 

* 	 Report signi.ficant -hanges in disease patterns to the 

national health itnistries; 

" 	 Monitar nutrition; 

* 	 Assist in the recommended World Health Organization 

onchocerciasi- control program; 

* 	 Assist §).M.V.S. in Jte~ninj; health protection requirelnts 

at major construction sites and assure that these 

requirements are fulfilled at these sites; 

" 	 Arrange for special studie; that nay be indicated by 

nonitoring results.
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Because of their close ties, primary health care and health,-monitoring 

programs should be conceptualized .s one planning effort by O.4.V.S. and the 

4enber Stattes. 'Pe .-onf )ring eftort should involve in environmental 

mon I )r Ine t e.L7- of public- nea.lth expert, aithin I..i.%,.S. wihu will be 

represent,,, a:d cover eacir of !he three Menher States. aintaining 

pern3anent cont-ct aith the national health agencies. Planning activities 

st)uld begin icn,ediately. 
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with development of urban areaso The O;,.V.S. Directorate for Regional
 

Planning and Coordination, howver, is charged with undertaking studies for
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* RlverlU Fisheries Changes to fisheries will occur as a result of 

Basin developmt. Mlajor efforts will be rquired to study and 
manage, the ne f Isheries, including (It.. collection of baseline 

information through montoring and resech effort-, applicatto of 

this nformation in the form of msnagement plans, dissenination of 

\'this Information to the fishermen and then ".torCeMent of the 

"t--~iIr~w- by-teiipi 
that maae4~i4qfisheries All not succeed without pjroper 

0 	 iarmonluationi of Fishing Lws major goal of .N,,V.S. and the-A 

Member States should be to provide improved annagement of the fishery 

that vill evolve from Basin development. 

oe, 	 Djoudj Dike System A fee/i)i.ity study should be conducted Gn the 

need for upgrading the existing dike system of the park, including a 

dike and gate system maintenance program. This study and any dike 

upgrading should be complete befre operation of the Diana saato 

: 	 assure protection of the park, 

4k4 

wektlas In the Senegal River Ba-&in. 
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make necessary prepar.:ions for population movements. In the case of 

each ty;w of resittleneilt, the 3,isr iportant questions to answer 

are: 

- flow rmwnv t--ile , involved" 

- Where 'will hey -re ifri 

- Wherv ,,il I ',ev sett'ie 

- What 1,trtsrictri, t 'i lities will they need? 

- k rai y >d rii3tt th their iew neighbors 

b- htst tstahlis vi"j 

- How ;will. Iet em )! %.edl 

On termiiati.n ,t the stidv, the resettlement office will take on the 

resprnsihilitv t: nonit)ring resettlement in all ot its manifesta­

tions through ,t "ie asin. 

Natural Envlronneint Related 

- Artificial Estuary. Becaur'e of the need to have the Tianbrank-

Diaouling ,&iAnal .inctional before Diama dam is operational, it 

is recomended that i.n.'.S. inediately obtain funds for a 

detailed feasibility, design, economic, and environmental 

ats-essment of the practicality of constructing an artificial 

estuary. 

- Fishery Extension Service. The extension service needed to 

disseminate the latest and most appropriate technology in 

preservation, transportation, and storage of fish should be 

developed on a national level within existing goverrmental
 

institutions of the .ember States (Figures 12 & 13). As vith 

other extension activities already proposed for Senegal's 

fishcries industries in the Fifth Plan, O.M.V.S. should assess 

needs for extension in the region as well at define some of the 
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sajor a4tivitles to be- pws'wd. It to bigly roommewe that 
tsba 6 Ine tab culture progr 
*fleci.d With tirrIgted perteirs. Fisheries extenion 

servicoo will place 44d1tiona4 strain on the existing skilled 
stuton"OOWE LKVLS. cnmta thionsran by 

eshaltebiag &6additional ezdhonge program between the three 
ounti . as has been proposed for agricultural exte ison 

training, It sbould also uieak on-ing training opportunities 
for the fiaheries extension staff to asoure they are kept 
upto-date a the latest technology. This can be accomplished 
by scheduling periodiLc meetings to bring togther extension 
agents from the Member States so that Ideas and Informetion can 
be exchnged and the rates of progress established. O*t.V,.Se 
should develop the broad criteria for improved preservation and, 

'2 store techniques within extens ion service progrm. 

- Fish Culture. Development of fish culture "should take place on 

a national level by the Member States of Senegal. Nlio and 
auritania. Significant activity tialready being uide rtaken In 

Senegal and a body of technical knowledge for fish culture 
developmnt exists. Disparities exist In the levels of capacity 
of fish culture between the three tNumber States. The O.M.V.S. 
should continue Its concern with fish culture by attempting to 
reduce the technological Sp between countries. O.H.V.S. should 
see iti. role a one of disseminating and exchanging regional In­
formation aod experience between Member States. technological 
advances In fish culture are achieved. As a coordinating 
agency, O*M*V*S. could conveas a regional seminar to establish 
Informal links between govenmental agencies of the Number, 
States whao will execute and finance the development of fish cul­

ture. It should outline the urec for tedevelopment of fish 
culture In the Rating particularly emphasizing sources of funid-
Ing. concepts sod avall-ggoe experience in this field. 
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dyu.ics; of the aqatic "ot. .Pmarilyfrm e ..f.feets of 
ESE i "*acftwt An lwrulaion. Conservation measures wist 

be p tablished to protect the f dIsheryuatil natural 

prodatortPr*Y relatlelips produco bsalancdr p pAtins of 

harvestbl fish. The eplemntat Losof t e statutes can be 

successful only if propeft can be assured by allenforcemeot 

embr States. The epesion of fish cooperatives ad the 
erest ton of an extension srvico to, disnate i-nformation s-ad­
:etducate flehetmen are final pre-requisites for development of 
Sithe riverlu* fUshery. 

atland Msneasmt and esearch. The rlands msanagmndt 
program to tgate the damage to wildlife habitat should begin 

Immediately. The Govermsent of Senegal, with techaical 

assistance from O,.K.V,., should conduct feasibility studies on 
the need for upgrading the existing dike system of Djoudj park. 

The Goverment of Senegal shoull also insure that dike and gete 

maintenance is effectively carried out. To protect the expanded 

wetland preserves recmned by this Report, the Kember States 
should increse the wo.mber of park conservation officers. 

Specific, research on the life cycles of various wildlife should 
be conducted by the O.H.V.S. using appropriate national and 

expatriatem staff. 

Harvestina of Gonakie Forests, Forests to be imuda ted by the 
Dims Impoundmnt should be hervasted under the supervision of 
the Ooh*V*S divisions In charge of construction, aslong with the 
follwing Senegalese organizations: 

* National Canter of Forestry Research 

0 Kinistry of Rural Development, Directorate of Water, Forests 
and Wildlife. 

Mauritania should simultaneously provide similar supervision 

under the following agencies: 



Ministry of Rural De lopento Directorate for Protection of 
Mature. 

reDirectorateof er, ores s, Wlif and 

Refoestaion_________ithith context ofmatrpnig 

truhO.ft#V.S, impemntation should be carried otb h 

i't, fi
 
devReopent oiatio ns oS n-ra and S in . e S! l, . 

attenion should be given to plsciln.forest per it 

Irrigated perieter swhere tey do not exist at 

present* 

Attention sbold also be given to establtshing links between 
reforestation, forae growth within perimeters, lbtiestockb, and 
pltans developed to manage open-range grazing In the Ban. 
O.K.VS. should inventory such possibilities a pert of Its land 

and wter use planning activities. 

Reforestation projects must also Include Improvement of forest 

management practices at the local level to assure planned yields 

and preservation of natural habitat. isting training programs 
for forestry personnel should in~ludo extenuion method to 
educate local populations. Special outreach programs proposed 
by MrlOUs International agencies should be consulted for an 

organizational format capable of reaching both sedentary and 
nomadic populations within a region. 
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ThS PrOPCOW plan of action includes measures to mitigt Imat to th 

vatactvities minatural resorce Mney of :th* actlons assoiaed w$ith 
the us" don are a)6 applIcable to the JHfauntt dam and are not reported 
hot** 

o ouiMmaj~md Reaat laasttwe - Becaus the Maaali dam site to 

isolated from urban centers to, the exteant that prohibits daily trans-
F poaion of wokers, there isno alternative buat to provide on.sit 

housing for the work~ers. 

The least expensive. alternttve would be to advance construction of 
the reeettlement villagie to the point that they womuld be habitable by 
the. duam construction workers. Another advantae would bee bead start 
In completion of ,the relocated villages* It would mean that the 
Villager* would he guaranteed certain essential elements of 
Infrastructur, such as veUsp roads, sanitation facilities and village 
cantors before they had to relocate. 

The contractor will bays to permit the *xtabUismnt of a limited 
wmbe r of shop*itte cnstrction camp. Mosque construction will. be 
neCemsry. A';poet office will be an essential infrastructural 
devloment. Mot workers w~ send remittances to thi families In 

ptine foro postal money orders. 

CS 



a-- - +• -4-:4., , + ' - .4 • ,- . - -+ 4 . . '4 , 

+ "+Addtionally,~ workers will be inot
lin c:loser: contact than at .Diam;0


only~toehrbtlvn~~ ogte.I ~~~~o steeore~~~ worin 

':L"+"': +"prior to employmnt to reduce the tranLason of coauniabi 
+i~ ~ m d~lll~lilo mlinimize+ th pot*+ +~dsae and t++ ential outbreak of epidemic + 


+ ++ conditi"""ns~+ and lost tim 4u t llness at+the construction site. + '++++
m+r + o 


. hsclxmntos okr Unlike Diam sit ++]'o ' the: da ... andr L 
'" Piment Control
+++'+ r 1--+1+ Sed', Meausures -+As+with)the Diam dam, eroson controls +,-++'


beaue f t ioltin rm oplaedaea- orer reexeceo i pede
+ + + ++ +be specifI i m a l ++,i
+,++ shoul+d d seimnt pllution of the 'Seneg
. -wid,, be the! > .to_area,, dravo from a amy fromouts.de Resin. 
Additionally, will be in closer!:rker+s than at . ,1+conac i+-;'1]+ 'I '+)++ +++ +,+ not+ +i 

, ++ i ++ +i #++ +++++++'+ i+++, +++i+' Ii
+ ++ +++++ + ,+/+ )++,++ +~I­
onywrknoete"utlvn togeI+ ++ 1. therefore +1te.I+++ it 

'++ eL++R+settlem nt-related +Re o ammnd tions + ++ + " *+i+,++ ++*' +;+ / +
 

0'. Manti Soia Stabilit - Vilg s, reigou fiue and.
..... 


i +i, +hunters..who are trdtoa vtilae lers shul begieno ice
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lecause rattemnt comnties will require comwoldatLon of 
several formnerly Independent v!tin, meaging tensions generated 

within will be difficult. The tensions can be . by,tigated ,ving 

eoach constituent village reasonable autonomy. In a given con­
solidated villae there will therefore be several chiefs and land 
chiefs. Each constituent village iiil manage Its lands 

requirements of efficient administration. t such * case, the more 

the administration can concede to local autonamy, the mre it can 
mitigate internal tensions. 

0 	 Mnimiziing Social Contflicts Betwen Existing and Resettled 
Inhabitants '- Tensions between the population already inhabiting 
the resettlement zone and the vew populations can be mitigated by a 

balanced treatment of both populations. The quality of life n the 

old villages should be raised tto that of the ne village including 

construction of improved ls, schools, and provision of materials 

for Inhabitants to constru or Improve their dwellings in the older 

village$. 

Natural Environment-related Recomawndsations 

0 	 Monitoring and Hanagemvint of the New Kanantali. Fishery - As to 
typical of new reservoirs, the early years of the Manantali 
reservoir will see widely fluctuating fish populations. These 
populations and the'comamercial fishery expected to develop must be 
closely monitored to assure the eantual success of a stable fishery 
that provides a maxium sustained yield. This should include 
regulating fishery~ Sear, monitoring fishermen's catches and 
performing bsein aqua tic biological suvy.If it is found that 

either fish populations are not developing at the desirable rate or 
various niches in the fishery food chain are not being filled, a 
stocking,-progrfa my be foreseeable using fish indigenous to the 
Senegal, River Basin that can best survive In a lake environment. 



0 T1ha!Z~MWIQ Srvie -As with~ the Pia 4ml a f tsheries 
exension program should be Instituted to ass"* use of the mst 
etffcient sear for fish harvesting, and to assure proper handling, 
preservation, storage and transportation of fish, catches, 

* Wildlife Preserve -A 401,000 hectare national park InNHl s0*ld be 
--~-----4eeoo s~n~prr45kl~ee-o----- .~~na 

along the NIananat Impoundment, 1his park will Include both fringe 
and savannah land forests. As "a*lternative, 40,000 hectares could o 

be added to Parc National de Is "icle do Seoul. near Remako. 

0 	 Savannah Ecology Program In aesociat ion with the above recommended 
national park and other praderves within the Basin, a savannah 
ecology research and mnament program should be established vith 
close ties to the management of livestock and forests. 

o 	 Harvesting of Forests - It is recomaded that harvesting take place
L ' " G :S : : : ! / si i>+ =: :g / / ( . .. x ; : ? + : : / ; : • i : : : I / : : = =C - ! / 

on the 47,000 hectares of forest savannah land and 681 hectares of 
fringe forests to ?e inundated behind the KenantaUi dam. On the 
assumption that 85 percent of these forests are accessible, 

1 8' H ' a ++* I ... . .. '+ t, +* " " 'approximately 36.000 hectares of dryland forest are salvageable.++++++ +I88:++188+ + ..:".A..-	 1' I :+ 8 + ++i 
o 	 Reforestation Associated with the establishment of the '4ldhtf* 

preserve and resettlement villages, reforestation should be 
practiced to provide Improved wildlife habitat and to assure a 
steady source of firood and charcoal. 

Implementation and Infrastructure Requirements 

0 Construction Related - I" 0.M.V.S should fill the am functions 
as recomnded for the Diam dam. 

Resettlement Related resettlement of villages in the Nanantali 
impoundment has been planned as an Integral part of the 0.L.S. 

40 	 -The 

: ?:26-




development progrAmt fr the construction of OwHanantaIL dam 
(Groupameat Nanantal, 1977). The loss of hom , inthe Impoundment 

area Isan irreversible impact. Replacement of lost homes must be 
carefully planned with the full participation of \tho Individuals 
conc~trned. Preparations must begin early so that 'the infrastructure 
to in place and functioning when resettlement beginos. With early 

- ~-prepari o,;4-~va~-ol -ser evewkr, eng oI te- -­

constructlon of the PlnantalU dam. 

* Natural Environment-related 

- Fiaheri,.. Iaplemmatat ton would 'be eimilat to ha 
recommended for the Diana dam. national organizationsz to be 

involved In the development of the Manantalt fishery are 
presented in Figure 17. 

- Wildlife Preserve, The creation of a 40,000 hectare 
national park in Malrishould also conform to land and wter 

planning, reccumendations. This proposed park constitutes a 
portion of the epoundmant's watershed and my erve as 

habitat for the wildlife displaced by the Menantali 

impoundment. Additional park Conservation Officers are 

needed to patrol and protect the use of this preserve. 

Planning for this park and watershed area should be closely 

coordinated by O.H.V.S. with the resettlement of residents 

from the impoundment area. Organizations to be involved in 

addition to O.H.V.S. include:
 

• Directorate, Institute of Rural Economy, Mali;
 

4Directorate' of Planning Social Affairs Commission and 
the Commission on the Rural Economy, Mali; 

Directorate of Water, Forests, and Wildlife. 

J Ecology..SavannahSavannah lands management cannot continue to 

be-separated from overall land maagement. including forest and 
atiaer use management. At present, range management andi ve­
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Figure 17 
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stock u iatio are fSctonally parat d from other ational 

agencies'concorue vith resource managmet. This condition 
exists. despite the painful lessons of the last 4rouht shoving 

,he close onges bevaen overgrazing, dforestation, and 

Kd ertitcation In ddition, it ti reioinand4 that exi ting 

reaonals on Svannah ecology be assembled. The syntheis 

of Dieable fo rateru ca lad to th development of 

specific projects. Organizations to be ilavolved In this 
'~process should also Includ; 

From Senegal:
 

9 Senegaloe Agronmic Research Institute
 

* SODESP - National Society for the Raising of Livestock 
In the Pastoral Zone 

# Center for Livestock Improvement 
a SOKAPOR - National Drilling Society 

. Directorate of Water, Forests, and Wildlife 

From Mauritania: 

Ministry of Rural Development, Livestock Directorate 

* EMNFA: National School for Training and Agricultural 
Extens ion, Xaedi 

* Directorate of Water, Forests, and Wildlife 

From 	Mali: 
* Ministry of Production, Livestock Directorate 
* Rural Polytechnic Institute, Katibougou 

* Directorate of Water, Forest., and Wildlife 
* Institute for Ruralftqsearch-Forestry 

L 	 HarvestinA of Foreats - Forests to be inundated behind the Kanantali 

dam should be harvested of under the supervision of the O.M.V.S. 
divisions in charge of construsction and the Malian Ministry of 
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Production, Directorate for Wate~r, Forests, and Wildlife .and thr 

Kal Lan Inst it kte for Rura 1 Re-wairch-Filretit rv. Assi.mi n, "* ^rk.r 

are* prov'ided1 at ininwnw, -2f vearl ai.t f1 iieentt~ld I -It-ir the~ 3th )i 

of 0.5 hectre-, pe~r oikv.r pear J~iv. 

*Rtrczrzaivon. - Tt rvloe- st iwi ;,rgrtvn should~ be c -)ird1 nartcd by 

O.M.V.i. azorig t he threv 9c-mher staitv-. In Mlal i, the Mi nistry of 
Proil1ct ion, Irc.--drait ter 'mat~r F, rL-t i . '.; I d ~~ :!c-1(11 hI! 

Ins( 1tint c t Rur.Resr . rcLLttlrv -- nh~l Irdve ! itv i 

OP I, t io t1i'Ln g'Jvvermt-ri )rganiza t ioti re-,;-)ns Oiile f,)r t te
 

I rrigated pe rimeters.
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PCERNANT LE BARRAGE DE MANANTAL 

,TED WITH THE MANANTAU DAM 
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NVIGATION 

Improved navgation of the Senegal Rttver Basin will enhance agricultural 

navigation channel, through the Lauigue do Barbaric may have serious adverse'0 
ecological implications on this uniique habitat. Routine and accidental dia­
charges of pollutants; particularly oil. ay deteriorate water quality in the 
River. The following actions Vill assure that nav gation provides m xium 

benef its to Besin development. 

First of all, he OoM.V.S should establish two organizations: 

*La Di ction de la Vale HIaviffible weould be 
responsible for maintenance of the river channel, 
navigational safety and enforcement' of the 

navigational code. 

* 	 Le Co Eagae Inter-Ewas de Is Navigation vould be
 

a parastatal organilzati directly responsible for
 

the acquisition and operation of a river transport 

fleet and establishment of a joint navigational 

school. 

Low water levels 

presently prevent
 

comerctal river 

traffic. Note: 

Picture shows the 

only brIdge on the 
RiLver upstream of 

Ste-Louis. 



nThe organiz tt iLrs i)uId e f )r-ie d f a r enough in aidvaince tj support 

' Jeve I)pMent !6'1. I I it i )i Jt-, id nivlg it iona! i.ho1. F-I 1iing the 

tokindat ion " " t.o r'i ,i ii ,d. 1.i ' )ie ,avigth e .inf t he C4*mpagnie 

Inter-Ktat,% ','/:iit i !, )rganiz.t i)nsrinust stit hv h,th 	 he ted the 

* 	 Head )t Ohe Aiviiion of 'iavigation Aditnistration 

in the Direti:)n kle h, !lavigible;Voie 

e 	 head o)f the Dtvi ion )f Technic, f Administration in 

the rection de Li Voie Navigiable; 

* 	 Head ot the .ivisiFri )f )peritio)ns - Navigation in the 

Compagnie Inter-Etats Ie LIA avi1 ,ittion: 

The initial ai;stanient for "h,,s,, i-divtduals wou1,d X to set up the 

organizationa' stricture t,,),nfre the hisii- code. prescribed In this Report. 

and to consul: tp;r,)pri£ite igw-cies )Tnthe preparat t)n ,7f those codes. 

Development of A a vi.it i on .. )de 

A niv , i- r t,,' :wai I RI y r Sasin should be devfloped 

acc;)rding t ,". " ' ver vi,.it ! MAr t Iw .8-mlsult .i ttve Organization 

regulati) ns )r riis;.or" it ' , : ~ti ,tate.raia s, the 1977 UNDP/OERS 

navigati,)n .)ie !(,;,-: ed hv ' I. aguit' for the Senegal River and the 

Groupxrwnt 4-r-., in. r,..-att (19,.t(1970 ) Navigat ion The;.,r, i:! Study. 

outcomie of ic-, ,. 'j ,,.: 

The pr t ant enf,)r.*..ent -f comprehensivei-uI 

poloit i('on regulations for riverine and estuarine areas 

regulating discharge of pollutants from shipping; 
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Prwgto a *free'o 	 avgto ft Ia--
U4o 

Aniti o&O* 5! an reguatos;~to aft e 

reglations covering eqimet and procedures for V 
hanuling of hazardous materials, primarily oil, but also 
toxic suibstancs; 

*Preparation and operation of emrgency abatement 
measures to contain and cleanup spillage based on 

prepartd contingency plans. 

Enactment of the NaVIation aod 

Immediately upon the formation of guidelines, experts should be selected 
to aid in the development of a comprehensive code for navigation on the 

Seaftal River. 7he draft code would then be presented to the Direction do IA 
Vote 4avigabl* for review. The Direction do Is Vote Navigable should initiate 

-'meetings and involve the following agencies in the review of the proposed 

codet 

* 	 Od.V.S.:
 
- Direction do la Vote tNavilable;
 

- Compagnie Inter-Etats de Isa Navigation; 

- Permanent Commttee on Vater-Use; 
- Council of Ministers; 

- Comittee on the Environment; 
- Direction for Regional Infrastructure-

Transport Division. 

MeNmber States: 

Member State Coordinators to O..V.S, 



" Senegal:
 

- Ministry of Industrial Developroent and
 

Envirjaret, Rurv.,,i )f Envirornent
 

Coord . .. i ,-1;
 

- !linistrvh M) ePhic isr, 1 C:1Is and
 

Trinsprt.
 

* 	 Mali:
 

- 4laIl "avigit ion 6?nn.mifvi ;
s 

- Ministrv ,o! !3Ttstrial ")evelopment Direction 

for Hydr i , gv %:.1 !'iergy; 

- Miti t rv )I Trinsport 

o 	Mauritania:
 

- Ministry of Public orks. ,1irection of Public 

works, :Jivisioi )f Ports and Navigation; 

- initrv of Inltitri tl ')evelopoent. 

International Agenc-ies:
 

- United Nations Marltime Agency;
 

- European Econoic Community.
 

Enforcement of the Naviga ion Code 

Enactment of laws harmonizing or integrating a navigation code. including 

enforcement ;iwers, poses so.e issues of legal jurisdiction between the Member 

States and .M.V.S. According to sore Tegal interpretations, regulations 

passed by the O.M.V.S. Conference of Reads of State and Council of 4inisters 

supercede conflicting nationdl laws at the time of enactment. Memer States 

then have the responsibility to revise their corporate laws. Disruption of 

existing legal and organizational reginas can be nininized by defining the 

areas of O.M.V.S. jurisdiction very carefully.
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ePollution 	 Cotrl euations Within th Dieto do 

la Vote Navigable, Port OffIicer positions shoold be 
established as a major regulatory arm of ONV.S, 
Ameon their major functions will be the enforcement of 

- - v4e*-rl tlat -t po Iutionr trol-andnvigatji­
safety. They can be trained by the navigation school 
with the assistance of the United Nations Maritime 
Agency.
 

SShip Construction Standards - Licensing of ships falls 
under the responsibility of the Division of Navigation 

Administration within the Direction do I. Vote Navi­

gable. They would insure that standards designated for 
safe transport were complied with in the construction 

of barges and tug* by the Compagnie Inter-Etats de I& 
Navigation or other firms- Periodic inspection could 

also be a function of the Navigation Sub-Diviston, 
specifically the Port Officers recomndad above. 

.	 Port Transfer and Storage Standards - Within O..V.S., 
the Directorate of Regional Infrastructure, par­
ticularly the Transport Division, can standardize the 
specifications for transfer and storage equipment an 

proposed In this Report. At the time of issuing con­
tract tenders for port facility construction, the Divi­

sion of Work Administration (Administration des 

lt 	 Ouvrages Commin s) of the Directorate of Regional Infra­
structure should specify these standards. 

Within the 	Compagnie Inter-Etats de la Navigation, 

similar procedures can be followed If that organization 
assum;+ responsibility for construction and operation 

of port transfer and storage facilities. Technical 
specifications must be coordinated between the O.M.V. 

++++++ + +: ++
+ +++ 
 +1 t ++ I+ + + +++ +:S'I ++++ + r++++ I+ 0.5' ' 'tmJ +V+S ++ I ..e+++ +1 
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Directorate for Regional Infrastructure and the Con­

pagniE,t - inure corpatahilttv of equipment and proce­

dures. 

The "I1I!: t. .i' Adit i I -it r,* I,,u ",It r,-Lit nufde 

la Vole Navigible will N- resix'%sibi,. for harril-itzing 

licensi i ! - i,i t, c", 'in,, prt f.u: it ies inJda rds. 

* 	Naviga. lonal Sitk .v Measures - Tle ext 'xt ig :ighthouse 

and heacon ";rvi - e ,,-rvi !e. ,.* ii.£ esce hare', 

shoul I -" )r.I i .*,I -. i -ttr-.,,* tr! I ,r) f the 

The Division :t a'viwatio,, Adninistration of the 

Directlon !e, .)i ';aviga ble will '.)-- responsible for 

the C).r,tI -a !t.:,, J operatlin of the 

river ,-hIt n el, 

The Technical :ivislon, intenance Sub-Division of the 

Direct ion de '. '.e t 'avigahle will carry out actual 

channel rtirte nanrc, I luti-g the repair of beacons, 

dredging, cutr'x-t g)nf -hannel ficilities, salvage 

and continuing i-han-'el - ,:tort:g. 

* 	Emergency Abatement Measures - One of the tasks of the 

Director of the DNre.'tion de l.a Vote Navigable should 

be to establish em.rgen,'y c,)ntingency plans to facili­

tate notification of igeici e. and provide for contain­

rent and disposal )f hazarious substances in the event 

of a serious discharge. These measures and the 

authority to ca.'ry then out would he the responsibility 

of the Directcr':i technical division. Designation of 
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PROGRAMMATION DES ACTIVITES CONCERNANT LA NAVIGATI 

PRGRAM SCHEDULING ASSOCIATED WITH NAVIGAI 
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benef!11 is.. 7 a-scaile, reional transfo...-ation and devlopmnt lof... ' ..... . 

agricultu77r e ......." plannedL by the O.H.!.So Membe States re'quie' llieralldrd 

P~i' . . .A 

coveriing prrtion and opertion of theIrrigated perietrs SAZ, O 

an OPI.oinilstries concene with livestock, and the varli u esarc 

orgaizatin of'Senegl , Maurinia and Hl are attempting to reogaie 

i)the'!)ir task reltionships and train the manowe nede for !these activities. 
Never:thes, the poblientified canbecom exrly serliu In the 

ii comi years and the need for concerted action cannot be oveemhaizd 

IA- -­ _ , -

A 

9 ae fDvie oIrri.gsted Petriters and Emlymn This 

Reprtand othes haeseiidthttertif plne ivelopment 

of rriate peimts to nrelistic. given the proles of actully 

Th- settil up the physical facilties and ilrl heml The plrgam 
beneiratesof Irgaltion rvloeg ent rfIntend to sorbmerof 
.gr.c.. edisplanedfo teesiJonal feaLbe when rteirntrolle flly oines 
coverin;stopped in 2a2. oTerthe irriga tedperimetersiten dtoboth 

]rg aInresase productivitySnd lania lte t mploynt du totei ' 

thrasieltionsp andmtraesinfamn.Wtthe suggeeesrtese aoiities 

, ,"in :the-rate of ,er, ter developmnts,a numbr-of Issues concerning
evreecthe probemp levels-tfit bdcnabicned byeserii the 

cHig es ain ion.dAtendf r of plcyt ptionsan be nvrepsie 

~Rats ofnemployment fyouniga conerte and accloerate effois 

teort vlp hand armtrothers tavprocefedthat thtrteo plannedmn 

j 

7L77,771'i,1!!7~ Mos t obvou ,Is adciion to miniie agricultural; , <- 7 ,<'. 

i chedule for c asin far ifii alnth orlfloodi ng 20 A 

stppd n 00.2h prer umre intended to bothirrigated 



if,the abve option cannot be followdv , production and 

-'Quploynnt can be maximized by extending the period for I 

artificial flooding until the Irrigated perimeters are capable 
-~~~v t wtigaepiepr cl1ala ai~ emp oyment o~r a 

significant percentage of the farmers to be displaced froM10 
recession agriculture* 

-Additionally, wter resource and agricultural planning might 
proceed at a rate determined by overall employment 
possibilitles generated by secondary and terti~ary sectors. 
That Is, river regime changes should be linked Lo overall 
manpoer and economic devlop"-ment* f, 

e Increases In Crop Yields - At the present time, expansion of the 

physical infrastructure Is proceeding without achieving consistent 

Increases in crop yields due to a failure to implement and apply the 
moat recent agricultural technology. To improve crop yields the 

following technological package is recommended: 

Aq -. .A -

k *-'
 /,A . . . . .... 'A 2." ,'F *, AlA' . -A" '* . At 

increased crop yields 'usinS proper irriga tion tech niques. 



-Soil surveys at the present: time are inadequ~ate for 
determining suitable crops or the proper levels of water 
application for these crops. The soils need to be classified 

more adequately and more appropriate soil analyses should be 
-* - ~used- to,-detemina-waterppcaioueedE dIVS#a 

assist In the compilatiotvof these data and the provision of 
technical assistance to see that it is carried out. 

- Soil analyses should be carried out as part of a master 

land use plan before any new perimeters are developed. 

Previous sections in this report have recommended that 

O.H.V.S. have responsibility for coordinating land use 

planning and specifying the data required for such planning. 

- A coordinated research effort needs to be carried out under 

O.M.V.S. supervision to determine the best existing crop 

varieties for a particular area. The existing research 

centers are vorking primarily on development of nev crop 

varieties and not on Felec'ion trials of existing varieties. 

It is felt that within these existing institutions, and with 

only minor training inputs, this program can be supervised by 

O.M.V.S. and results dissemina.dA to the appropriate extension 

unit. 

Additional research efforts musr be accelerated to determine 
fertilizer and water requirements for the crops identifte, 

with the given specific soil conditions. SAED has recently f 
recommended the placement of agricultural extension agents at 

the irrigated perlmeters to determine these requirements, 

but the agents are not yet in'place. 

O.I.V.S. can assist the national irrigated perimeter agencies 

in these functions by developing a matval for performing these 
studies and training member state personnel in their 
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execution. The O.4.V.S. Directorate of Training and Promotioi 

of Hua.n Rtsouircee., t h ass Istanc.e f ry, nat Iona" and 

internat io.ia1 ,.xpt. rt s, cI use. the skt I s ')f mass 

'Ai;E ij I I -; i-,deve I.)p ing t Ie ict kw I 

SRemedy o! ':si gr "qIii. ies and Operat I nal Problems for Irrigation 

and Drair.age 5vte,-, - A -.:nh .<r if deSigil spS'w ,at I.)2r anl 

spe ri tIr-i ;1 ! Ir ' )n- i,.i't ~ r!r,i . i:h, v sren ern 

De veIoipne nt P.ir t i, i (-po r ' . 

vdri-agri,-ultural 

to deveopi n.! sp*,-iv standar is tor !rrigition id drainage 

syste.s triit "he .limtrs )f its presenit a*thoritv. 

The 4..V.S. eve lopwent Mivi-sion can begir 

A preIlH'ii:r: ,.-aI, 'tIdy hrii coiductA, assessI ) - he to 

the coiditi ;'i f ill -.:nals i-,, the existing Irrigated 

perimeters throu,,hit the .iasin. 

Design criteria should I.w etahlished for improved irrigation 

and drainage sv;stens. A ;vstt- should be selected that will 

be more ef tic lent tr.! .. asier to operate than the existing 

systems. :kesign- criterit. should en:phasize canal linings, 

elevated gravity !eed chaine!k, standardized pumping 

equipment, i-istallati.in of -ater -. t-asuring devices and 

sLiplified )perttii - pr cediir.i. 

To assure the i')fccesthe ibove act i)ns In the Delta 

Region, studies shnu dd , condoct ed .if salIne and sodic 

conditions in thne ri))t !,)ne of crops Lrxwnat.r table 

build-up, detailed soil ind drainage -ap Ing should be 

conducted as well as soil peraea!ility studies to ebtablish 

subsurface drainage design criteria.
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2 	 ---2----­

1
pum a~aternI. Inteified mn ce t tie wilrr euire 

rostructuringore oft opratons and ater an diviion alons the 

* 	 Nsi,+ nrr. olrnat ter meagmtent and operation unis should be n 

th established improved for each to ensure effcientdor perimeter 

o mrculturalaE.te nsiion-Iproved arcuctur a teion 1ervices In 

, reach O.t. ofbe r Sta e are needed toeprovide ndividuI famers 

i ++,!++wit h agricultural practices that promoe hig1h, year-to-yer crop :+ 
yields a nagemnt of natural re rcesaffected by aporacultural 

'i:!i:+ii +practices and grazing, The objective of these agricutural extension ... /+ ,/ 
sAtttitervcei to provide fanmesv ithr tra . Inliormaion anduidance 

++ + f{or i:L/rrigateld agriculture.+ 	 +++(!i+ 	+necessary 2ucessil Anl extensin +:+:i:!i+++::.,....+ h o.NVSp lebe Sttetae nee to roide+ diida farmers r++ + 
tservice farnmrs the eisc .ework wi es followingl al 

with grpcuturlpaciecides$ehgh er-oyarco 
-tsd Tod idengefmy poft anatcral riesces,* ce yarcl a- ToImprove.irrigatio n efficien sp aent cul ntivon pracbices, 

.. e... oImoe for establishpen etofcropnsutenieTo provide 


......................... .... .re fo r usi ng fertilize rs .......
 

servdc el opih farmeshstldowigeiicgas
rt- T gruivation 	 o mhisntin arl reliane ionaude 	 practice 

-To prove irain efeences and cglvameto acvties, 

22 serv ces LuToprovide farm eson abit tricegi reearchte n uidaes 
-! and rcultu irarcicesin otere thenecess, o 	 prtions of 

2;:+;++:::++++.+:+-a 	
:++++,+To l e#; -+ i provide informationi* ab u s+++c esf : + :::+,; eac++: +++: techniques +++Toci
ss pt anicltural deasels, t " L/ 

-+++;+ -++ii:++++Tgi +6c practies to maintai a low reac on 

wchemical use, 



Hence, organized, eftectlve extension services are essential before 

large-sct..' ier,-i: irdl development in the forn of irrigated 

pe r In.e r r -r iiei. 

Reorganizatrn t iv Exist ine Extension Service - lie exist ing 

stru, t ur,. v x t,' iri ,, " , 1 , aurtir ia underservic -f'Li inl Sernegal 

&:~ in~ 4ev~nt'OPtI , ~ ~ ~ vt. t ti ijied 
with expar. 's ,)-i inI of: V* :rg,,vii tonalit 1,i. ?t it ;tructure is 

stiIm rize,! as, t )"I!., 't : ,r, :)'' : 

t ,xt-u1The VilI .- m ,'rior - Kxtensi,)n efforts should 

~
egi. . .''. ' :,'t r. w;! p.r- nn e :v- the task of 

igrin-
ov r i ;, rt4 ,, r . ,:' i t- -tu i redi .ed 

in e41 i - i ! - it I .- i re;p I! i ipr,)Ve-.2v:It of 

SuCe'.~e''rit r .. fi! 14~ )r !irther texpansion of 
extenusiu .. f ., , . ', ',.i t: i.~ inpro vements in 

agricult irsk ;r , ,- L.i,.'. Ap,;r 1-i1t,-,I per ,nt of the 

farmers in ,- f!ntlv gr-uzp iih.!, selected ,i-;'intact 

fat.er s m'*.Ih vi llage ;, rk.rs can c-cmtent rate their 

efforts. These farner -.in - hse-i in .onult it tions with 

vi 1lage le .0ers .n ih mi!d Se, 'hosen i that their views are 

well resptecteA 1v9 ,er,-ia Iingbw t percent ot the farmers. 

The villagc i;xte.:4iv. .'rker shoul-l plan weekly visit, with 

there selected tarmers. 1,alf f the day :an he used for field 

visits, de.onstritton .in.l recoendations to review progress 

and ascertain technicil dirticulties arners ire experiencing. 

The other hal; lay can he ,i;ed for group discussion of these 

matters. 
 The villaK, extension workers should periodically 

report progress to supprt personnel, receive advice and 

additional knowledge and training, and prepare this newly 

imparted informatton for presentation to the farmers. Village 

extension workers should als- have di rect contact with subject 

matter specialists. 
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districts where specific problens arise. One specialist for 

every 120 to 169 village extension agents is A recommended 

ratio for determining the number of needed personnel. 

'The Extension Service Headquarters - The extension service 

headquarters, established as a section of )PI, SOiADER and 

SAED, should provide administrative services, development and
 

modification of training prograns, and r)nltoring of the
 

extension service and its effectiveness. These three tasks
 

should be coordinated by deputy directors in each O.M.V.S.
 

4ember State.
 

Such an organizational structurc must have an understandable 

line of authority with close supervision of all personnel. 

Strict adherence of village workers to advising and directing 

farmers is essential in order to avoid ineffective use of
 

workers performing other services not related to agricultural
 

guidance.
 

Human Environmnt-related Recomnendations
 

" 	Resettlement - The most desirable mitigation of resettlement problems
 

resulting from the development of irrigated perimeters would be an 

attempt to avoid resettling people. Irrigated perimeter development 

should be programed where possible so that all cultivators have no 

more than a six kilometer walk to at% irrigated site. In this way, 

cultivators will be compensated by an irrigated plot for their losses 

of flood recession land and resettlement will be avoided to the 

maximun extent possible.
 

" 	Displacement of Herder; - Under present O.N.V.S. plans provisions are
 

being mada to devote 14.5 percent of land in irrigated perimeters to
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subsistence 'farmers to maklug 

irriated agriculture. 

the transfer from traditional to 

4 

An the farmer becs more responsible for building the irrigation 

---­works on these small perimeters, for the. inuts to cltivation$j for 
the field labors and for marketing the output,, he will return to the 
current situation of self-reliance. Hie will thereby retain a certain 

degree of autonomy ubtle still coordinating his activities with the 
ggovernment agency. 

O.K.V.S. should establish a Permanent Irrigation Perimeter 

Surveillance Branch. The branch vili need a chief of staff, a senior 

technician and a senior socioeconomist. It will also need twelve 

44 

4operation 

'4 

junior level field personnel. It should be possible to staff the 

office from nationals of the O.d.V.S. states. The junior staff 

members will visit each irrigation perimeter quarterly to monitor the 

organization of production, the technical lapses on production, the 

level of production itself, the net Income of tenant families and the 

general mrale of the men and women participating In Irrigated 

agriculture. The junior staff members should also keep track of the 

rate of out-migration as an Indicator of dissatisfaction with the 

of the perimeter. The senior staff should analyze the data 

of the junior staff and make recommendations to the appropriate 
authorities. The first task of the Permanent Irrigation Branch will 

involve a one year study to develop an Irrigation Haster Plan for the 

Senegal River Basin. 

e Short-Term Food Shortages Due To Conversion To Irrigated Agriculare 

The most serious adverse impact of perimeter construction will be the 

elimination ofland from cultivation during the irrigatd perimeter 
con rcion period. The agency that Isdeveloping the fpe rimeters can-----­

mitig~Ite this impact by stockpiling food grains to feed the people who 
will temporarily loose access to their lands. The agency should have 
a stockpile of grain capable of replacing the grain harvest lost in 

44,4 4..'444.444~-152-4 



in a given year. A progr,-i sholld be developed by O.I.V.S. and the 

,iember States to coqpen.stte for pNotential short fall, in food 

supplies. 

Truditional storage of grain. 

sucth riethods atre inefficient 

-)r large-scale storage. 

Public Hehalth-reltet ! Act .:is 

Hk*.it .c~:.t i,.: i-; ,:i r.!,-i .i practicable and 'ffective 'lealsure 

progr .,i- .'., t rite o,: pr',vt,it ive hea It'i no,ia r,s,, pr ,'.& ; tit, 

Ot'ct~~ , ,t rto:, t r. * r 1his pirp )se hyv st.0hl i -ihin; .. Hieal Eli Monit )rin' i;rotlp 

Wtthin "ho .!.' 

!:tal r i a. In cr,ise d ntla r it v ctor qsqui , bre.-di,-i , ri--,ri l; 

related to flooded rice paddtes. To clintinate thtoe "-u1d require 

- Ii ) I­



changing. to ai owernyc ad spr ink Ier rrigat ion svsten. The cost atnd 

extensive 1., i nt - rttr I I r-vnwn! Of such .t ysite places it heyond 

consider.:li,:-, uv',,. it c h,. iusti teld cm the ,hisis 1 agricultural 

product iv it.-. "h, 1,,v, Ii - prI7.rv .valt i (-,ire svstl, is
 

recom .h-,iA*' .n , I , ) ct iv. 
' , ': h 1,. , -t-e ni, ig.st ing r,,astire 

for de .:i ,: % p r -,--ii ai.a.r 

*Shi'.tos o. s~i IIs'.~tfty tha.t thf, Intermetdiate
 

nail ve.,t nMi i.ri A t7i.ftvri, n.- vvvc-itua lv c fl) riize the
ir, phai 


cainal ','.'--'. , irrj, i.,,c ri -, ;',ri 't, e r,, I n hec,rv thert 
 6,ould be 
,le r ti ,' t; , , I,!: . r: 7 l ; -r h,,t si.- i i! ,dt i t ' ; ',n-itect ed 

,vith S. n , , r,.i- : , - tx,'pt t. r sv-,N i i c situations,
 

this w, y rc-.t- I. i Ictlt i : i nposslh , te' a hteve.
uLf hecx 


Snail Vector
t ,tr '.i ro .ti1v n.ot hn nW ess.Iy i:: Irr i.ated
 

perimeters tni,. r ' h'ctirt--;. Wr nor e x:,ensi ,., r -t. ptrl n,t ers
 

wi th d ,i", "r pp1 , i-r,. .,- it vt.t or '-.id )puiat ion.; i';
 

poss hllitv. '..',t her thisi .' i resuI ! in i ir..,se, t r nsi.-, ss1,n of 

schistos onii . Is nc lvar. '.ve rtht. !,s, ertain pr,,tices 

cons ide red e, se ti,.I f r r c)s t-e f !ect Ive an, -Y re product ive ;, r riga t ion 

svste-3s are i!so litIp ul i -i redutciing p)p .a[i ;7-. of vecto r snails. 

These include: 

- Use of appr,)priate itterlals. for canal 

ConstrIct JaIo,
 

- Careful .ilinten.incc )f canal dikes to avoid
 

Seelp).ige
 

- Instal !'.it I ri. f si!: trap at the wate intake and
 

min uai re-,ova. )f ;it itn i rriat iton cana ls to
 

nininI7mt iz'tr:'-!Ion: hv Iquat ic plaits,
 

- Cont rol o A';,u.1: - p.,:ts ,t redut , sn )i I habi tat,
 

- Linir . c In.,ls I , n r,,, or ;,I,tl , ic she, ing or 

the use - 've rt,,.! ;-%iter :-' s n-:-nd) w 1, 

eliminri't,. r re;4u- 'v'et -r s:i.til] %)rceding. 

Howeve r, or rva-;-)ns o f cost-e t f ct iveness, this 

i - not recor-Ade' ,i-or sn.i c ont rol aIlone. 
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The O.M.V. S., in cose collahoration with the nattonal irrigation 

authorities, . v,-' ,;'aI ister th. deve.l, p-n,,nt o! Irrigated-. plan !or 


agricultur,, thr.1ugh,It the ,.negal iv,.r Ias-in. The .. '-.ter ;plan sh:I'd 

project , erv, n .,,t ivit tes over the next fi t.* vea.rs. It -!h,,uld generate 

ilnimun - ',t i , .covnt,- tuhIic hea lth ank techrnic ,1 standards for the 

peri-eters. 

%atural Environment-related Reco--enIations
 

e 	 Contril -i} Cr,);, 215e asvs anA Pests - Unless certatn crop diseases and 

pests . .- ,I:tr ,'.e.., ;r.,,.-t i..v ,f the 7i )r :o<! -rps ' il I remain 

su ')-A r ,. . , ' pr itectin ;,rtorne- , e ist In the 

Senegal Verc. l.Isi ,,, ',- orfe.; , *- 1.,. "-ns 	 dSa h,,. 'Ir,)teC 

ProJeIcl (SF'PO, i. no-.; it, th.,. process ,, irpi,,n,, n, prp protection 

service-; In the,. .en.. M. " w.r States. ThrA.in., tioa ol this program 

by O.M.V.S. is vital. 

Additionally, a well organized, viable extension service by SAED, 

SONADER and OPI can assist farers In Identifying specific pests, arf' 

in selecting al apply*ing: the pro)per pe,'stic l s. 

- Ccntro! ofN:ematodes .'-ill require additional services 

including l..boratirv anal yses of soil samples to identify the 

species of ne=atode, determination of t1e size of the 

population and proper choice and application of the 

nematac ide. 

- Harvesting rice in Septernber while the Quelea are breeding in 

remote savannah areas, use of the chemical methiccarb on 

sprouting rice to control ruff and tree-duck predation, 

physical removal of nesting colonies of weaverbirds near rice 

field, should 7--ixiize production o,; grain crops. 

- Rodents, a serious pest in the Basin, can be controlled by 

destruction or reduction of habitat, and pv son bait programs. 

This program should be an activity of the extension services 

in the O.M.V.S. iIember States. 
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" Protection o! Forest% and 'ildlife Habitat - As part of the Li;tur 
1-,nim an~t ,f ',r ' ; r,,,.';x-i-k,.i~h,.! li thi.s Stu*dy, .k .,.rtisl , 

''k"*,r Ifi 14. 1,V I,.!: r I.r,,,' iv v"] , i , i L:' ,1 ',!-i or r ; , 

e x i- ;ti , i,t- ,-iv r r :-" /r,. v-,i,. i -':l,d . h-[ e tt -in. In 

'-on it '.ion: I. 'r, w, :,r it 1; 'v. :1.dev i­ r t- ,'. thatwo-i 

anHV~ . ! t ',t r,.- pt,,'t i,-,,Tiit,'w,i n7 i i r ,. I~l l~i -n, .ac )f 

w i I d I f pr, rv,. .I IV r h. S,.-!i,,,.ai vvr. 

" Deve lp-me nt o a n 

- :et.1i[ - rr ,,rinv! r 

Inte .:rat ed 

i! undr 

Air icuI ture I F ish Cu 1 t ure 

the. ')i.-uw. da-1 d IS usion. 

P ro ran 

* Develop i Pr,.ra. for Handling and 

be int, ,rited '"ito the \%griculttral 

Storage of Pesticides 

E-xtension Progran. 

- This can 

Properly implenent,,d, intelgrr.tid Iat(r and land use 

planning; in tlie Rasiri 'anIturn this Sahelian Region 

into a green b'lt. (Richard Toll Sugar Plantation). 

-156­



10 ow No"-'a & 

okow 

wt 

ow" an 

W Ay~ a SW j x 

000 

* t 

I"" 

U M 

o04?, 04a s 

Akt 

.o Pusm 
0*0* 

~~40 

WwUtq 

ll~~ft*4. wop it* 

to~ %- 1-54 

few" 

G __ 

~qme 

lok 10- OfA4m 

WW44swif 

AGIUTRL 

N'i 

EIGURE-

IX bS ftg 

wv~ 

EEOMN 
PLAWO~ACIO 

w~ 

o wwf 
so" p 

M 

.. 



we4 Now- AA -A 

.A A... A-A..­ot m y W - - --

WY"-A A k At 
me oAAAAw -Am-

4 
AAAwA 

A A-A A 90< p 

-- *-%-

A A... 

A -§-
A 

-

A-AJp. 

A A 

~-

K 

Wft 14 §A WA A0 - A A AA AAAA 

Ak W1 0-8 

WN44 A; 

-*" A,*9 

At"*tam) 

~~ie 
IMNA-*Wo)% 

0 

O 

AAA 

-A--.~~~~k" ..-

Aow 4" 

oft*~I'4 AA 



------------------------------------------------------------------

PROGRAMMATION DES ACTMTES CQNCENAW
NT , DEVELOPPEMENT AG
 
-ROR- ASSOCIATED W17H ORILTLRAL DEVEL(
 

NOE LA TCHE 

TASK NUMBER....~~ " : - . . M M 
AN 

67,1,R 
YEAR 
... 49 

1160 - 19 
. ..9D 91 9.al .S3 ..94 95 .96 P iINlIlIll 0 01 Cm' 0303 

104 

'05 

10? 
toe--
109 

i03 

1030 

- -

-_- -.­ - -, 

10t 

3 

502 

101 

-, . - :.. .--- . --.-. - -- - - : - l 

0 - - - -- - I 

.. ... .. . . - - ...-­

" ' ", .. .. . .. .. . ... .. . . . Ia
 



PO'IEENT AGROLE DANS LE BASSIN DU FLEUVE SENEGAL 

tRAL DEVELOPMW IN THE SENEGAL RIVER BASIN 

~ .4 . l 2Q0 2~ 4 

. .. .. .. .. . . .. . . .
 

+"" - ' : S- - - ' " " *= - 4- -- *; ---. . . ­

............. .....
 
* 4...... . .... 

,. . . - -. - ... . 
. . . . . 

• * 4+ 4 I -rF-- 2 .. 

... ..... 

*' . .. .... .. .......... . ..... 4--! 4 '
-.----.-­

* . S S " I : . S. 5 . .. 

* S- . . -* 4 .. . - -- ,---, - ---- -4--+-- 4- .. . 

... * .5 , ... .4. . - . 4 .. . . ... .................. ............... ...... . 4.. --.----.-.-.. .....­
ii*i . * 4 S . . 4­t - n - ---.- . 

-4-.- 4 4- - -t -5 5 4 -- --~---F* - 4 - 4 - - 5 * 4-- 4-- IGURE- 23­




